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Notice

This report has been prepared for the Air Force by CH2M HILL for the purpose of aiding in the implemen-
tation of a tinal remedial action plan under the Air Force Installation Restoration Program (IRP). Becuuse
the report relates to actual or possible releases of potentally hazardous substances. its release prior to an Awr
Force final decision on remedial action may be in the public’s interest. The limited objectives of this repon
and the ongoing nature of the IRP, along with the evolving knowledge of site conditions and chemical
effects on the environment and health, must be considered when evaluating this report. since subsequent
facts may become known that may make this report premature or inaccurate. Acceptance of this report in
performance of the contract under which it is prepared does not mean that the Air Force adopts the conclu-
sions, recommendations, or other views expressed herein, which are those of the contractor only and do not
necessarily reflect the official position of the Air Force.
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Executive Summary

A Remedid Investigaton/Feasibility Study (RI/FS) was performed at the
MeCldln Air Foree Base (MeClellan AFB) Davis Global Communica-
tons Site (Davix Site) from June 1992 throuy  August 1993, This repon
presents the resalts of the RIFS as well as o compilation of the remediad
investigations (RIs) that have been performed at the Davis Stie since
1URS. The purpose of the RIZFS was to provide an implementable strategy
lor site remediation that complies with environmental restoration goals set
torth in the Federad Facilities Site Remediation Agreement (FFSRA). The
FESRA was signed in 1992 by McClelan AFB and the State of
Calitornid’s Department of Toxic Substances Control iand Regiona Water
Quality Control Board.

Site Background

The Davis Site 1s an annex of McCleltan AFB located approximaiely

<+ miles xouth of the City of Davis. The site covers 316 acres in Yolo
County wnd s surrounded by farmland. The site was built in the early
19505 i transmitter Lacility of the Department of Defense for western
hemisphere operanons. 10 currently stadled 24 hours a day with
approximately 12 members of the 2049th Communications Squadron.

In TYXRS, three underground diesel-Tuel tanks and assoctated piping were
discovered 1o be leaking diesel fuel. The three storage tanks were
drained and removed in 198X, During the underground tank investigation,
groundwater samples from beneath the site were found to contain measur-
able devels of volatile organic compounds (VOCs). Both VOC and
hydrocarbon contamination from diesel fuel remain in both the vadose
sone and in the groundwater heneath the site. It is speculated tha
historic disposal practices of cleaning solvents is the source of VOC
contwnination at the site. This report focuses on the VOC contamination
hencath the site. Currently. a bioventing treatability study addressing the
hvdrocarbon contamination is being performed separate from the RIJFS.
Pending the results ot that study. this report does not address hydrocarbon
contamination as o portion of the remedial action.

Remedial Investigation/Feasibility Study
Approach

The approach tor the RIES relied on using data trom previous ivestiga-
tons to denufy arcas of uncertainty. Field investigations were then
pertormed 1o reduce or elimiate the uncertainty. Objectives for the
RI/ES were divided into vadose zone and groundwater actions. The
vadose zone objectives included determiming the extent ol soil gas
contamination. identityving arcas of VOC contanination, identifying arcas
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where soil vapor monitoring wells should be installed, and providing
contaminant data that could be used in human health or ecological risk
assessment activities.

o

The vadose zone objectives were met by performing an extensive shallow
soil gas survey covering the castern third of the fenced compoand and i 0
north and east of the fenced compound area. The shallow soil gas survey Vadose . ,.
identified areas of VOC contamination within the vadose zone. In areas Zone A-B Aquitard
of high VOC contamination, soil vapor monitoring wells were installed T " B 65
and sampled for VOC contamination. The shallow soil gas survey and B Zone | B Aquifer ®
soil vapor monitoring well sampling provided contaminant concentration , RS, e 95 3
data that were used to develop VOC mass estimates for the vadose zone. B-C Aquitard 2

C'Aquifer £
The groundwater objectives included determining the extent of contam- ot ] 148 §
ination and seasonal variauons in water quality; describing the site hydro- ’ '0 Aqu?fer ‘
geology: characterizing seasonal vanation in flow direction, vertical and ~1 195 o
horizontal hydraulic gradients; and determining the presence of both DE Aqmtafd
coarse- and fine-grained units to estimate their potential to act as aquifers EAqu“e' sl DT
or aquitards.
The groundwater objectives were fulfilled by performing field investiga- Agquifer/aquitard boundaries are not
tions and then subjecting the findings to hydrogeologic and engineering clearly defined because of ®
evaluations to produce a hydrogeologic model of the site. The investiga- stratigraphic discontinuities across
tions included installing a total of 13 new wells, conducting several the site.
aquifer tests on existing wells, and measuring water levels in new and
existing wells. As a result of the hydrogeologic evaluation, the site has
been divided into five hydrogeologic zones-A, B, C, D, and E. °

These zones extend to a depth of 245 feet below the site and include both

permeable aquifer matenals (Gand and gravel) and low permeability aqui-

tard materials (silt and clay). The low permeability materials, which

generally exist across the site between aquifers, are termed aquitards and

have been named the A-B, B-C, C-D, and D-E aquitards. The A zone

(vadose zone) ranges from ground surface to 65 feet below ground sur- ®
face (bgs) and comtains the A-B aquitard; the B zone ranges from 65 to

95 feet bgs and contains the B aquifer; the C zone ranges from 95 to 145

feet bgs and contains the B-C aquitard and the C aquifer; the D zone

ranges from 145 to 195 feet bgs and contains the C-D aquitard and the

D aquifer; and the E zone ranges from 195 to 245 feet bgs and contains

the D-E aquitard and the E aquifer. ®

Sampling of groundwater from monitoring wells at the Davis Site is

performed by Radian Corporation on a quarterly basis. This RI/FS

Report includes data collected through July 1993, These data are used as

the basis for the findings and recommendations oresented in this report,

including development of mass estimates, targ  .eas and volumes, and ®
groundwater modeling.

Groundwater levels in the area of the Davis Site typically fluctuate 30

feet or more per year as a result of agricultural pumping near the site.

The magnitude and direction of horizontal hydraulic gradients vary

considerably between the upper (B and C aquifers) and the lower ®
aquifers. Vertical hydraulic gradients are typically steeply downward

RDDIOOIZAIC.WPS (Dawis RIES) v
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during the summertime (from the B and C aquifers to the D and E
aquifers) and slightly upward during the wintertime (from the D and E
aquifers to the B and C aquifers).

Distribution of Contaminatioi

Historical groundwater quality and soil gas data were evaluated for the
occurrence and distribution of VOC and semi-VOC contamination. A
preliminary risk assessment was performed to evaluate the risk posed by
the distribution of contamination withun the vadose zone and ground-
water. From this evaluation, a list of contaminants of concern (COCs)
was generated based on whether thc comaminant posed greater than

1 percent of the total risk for the groundwater and vadose z.. e. Several
semi-VOCs associated with diesel fuel were identified as COCs in the
risk evaluation. Because these compounds are associated with the
hydrocarbon contamination, they were not considered as COCs for the
RI/FS. A subset of the total COCs for the site (SCOCs) was generated
for the groundwater and vadose zone. The SCOCs for the vadose zone
include tetrachloroethene (PCE), trichloroethene (TCE), 1,1-dichloro-
ethene (1,1-DCE), benzene, vinyl chloride, toluene, and xylene. Ground-
water SCOCs include PCE, TCE, 1,1-DCE, benzene, vinyl chloride, 1,1-
dichloroethane (1,1-DCA), and trans and cis isomers of 1,2-DCE.

An estimate of the total mass of contamination present beneath the site SCOCs

was calculated. The estimate is shown in Figure ES-1. Approximately

324 kilograms (kg) (715 Ib) of contamination is estimated to be Vadose Zone Groundwater

distributed throughout the subsurface at the Davis Site. The estimated PCE PCE

mass of contamination per depth zone is shown in Figure ES-1. Over TCE TCE

85 percent of the contamination resides above the C-D aquitard beneath 1,1-DCE 1.1-DCE

the site. The most prevalent compounds in terms of contaminant mass Benzene B’ enzene

are PCE, TCE, and 1,1-DCE. Vinyl Chloride Vinyl Chloride
Toluenc 1,1-DCA

Contaminant Movement Xylene 12-DCE

The RI findings are presented in Chapters | through 5 of this report.
Field investigation activities are profiled in Chapter 2; site hydrogeology
is described in Chapter 3; and Chapter 4 presents interpretation of the
analytical data regarding contaminant movement in terms of the hydro-
geologic model. Of particular interest is Figure 4-7, located in Chapter
4. This figure depicts the conceptual model for the site, showing poten-
tial and probable contaminant pathways through the subsurface.

Through vadose zone modeling, it was determined that the occurrence of
VOCs in the vadose zone could be a continuing source of groundwater
contamination for hundreds of years if left unchecked. The contamination
is located primarily north and east of the fenced compound area.

It was determined that VOC groundwater contanination has been spread-

ing both outward and downward beneath the site. The level of dissolved
VOC contamination within the B aquifer has decreased during the last §

RDDIOOIZARC.WPS (Davis RIES) v
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vears, while the level of contamination within the C and D aquifers has
increased.

Risk Assessment

Chapter S presents a summary of the preliminary risk assessment, which
wis completed as i separate document. The preliminary risk assessment
addresses both human headth risks and ecological effects associated with
contamination detected at the Davis Site. The preliminary risk assess-
ment was based on a reasonable maximum exposure (RME) scenurio and
was developed in accordance with applicable federal, state, and
Installation Restoration Program guidance.

Results of the risk assessment indicate that:

. Conditions do not exist that pose imminent or substantial
danger to hurman health or the environment.

. Some action may be required to reduce future risks to
human health associated with contaminants detected in
groundwater.

. Further action is not indicated to reduce human health ~isks

associated with direct contact exposures (soil ingestion and
dermal contact). to petroleum hydrocarbon contaminants in
soil or inhalation exposures from emissions of VOCs from
soil gas to the air.

. Ecologicai resources potentially at risk are limited. Certain
remediation activities could result in small losses of foraging
habitat for Swainson’s hawk.

Remedial Action Objectives

Remedial action objectives developed for the Davis Site include the
tollowing:

. Reduce or eliminate levels of subsurface contamination that
pose a potential threat to human health or the environment.

. Prevent the spread of groundwater contamination beneath the
site, ~<necially to regional aquifers.

. Provide implementable strategies tor remedial actions as
quickly as possible and still maintain co 1pliance with the
FFSRA scheduyle.

Screening of Potential Remedial Actions

The FS is presented in Chapter 6. Remedial action alternatives for the
vadose zone and groundwater are developed in Chapter 6. No-action
cleanup options are presented for both the vadose zone and groundwater

RDDI00I12ZAIC.WPS (Davis RIFS) vil




to provide 1 baseline against which the actions can be compared. The
alternative selection process of the FS s dingriamed on Figure ES-2. Four
afternatives were evaduated tor the FS:

. Altermative 1=-No cleanup tor cither the vadose zone or the
yroundwater (the No-Action Altemative)

. Aliernative 2=Sonl vapor extraction (SVE) tor the vadose
7one and no action tor the groundwater

. Alternative 3=Groundwiter extraction with no acuon tor the

vadose zone
. Alternative 4-Both SVE und groundwater extraction

Each cleanup opuion consists of o capture. treatment, and end-use compo-
nent. The tour aternatives are then compared against each other and the
mne Supertund eviduation criteri, lnnovative options for cleanup are
discussed which could enhance vadose zone and groundwater remedii-
ton. The alternatves are eviduated using two separite groundwater
tareet volumes. Target Volume 1 consists of contamination present ihove
the C-D aguitrd. Target Yolume 2 consists of all known contamination
trom the land surtace down 1o the botom of the E agunter.

The remediad acoon will be selected by McClellan AFB and must meet
approval by the Calitornia Environmental Protection Agency. This report
and its recommenditions have heen structured to be compatible with
cxasting planned intermediate remedind actions as well as remedial actions
that are currently being implemented.

Site chariwterizanion uncertainties are addressed in the FS in terms of
contingencies tor the remedicu action options. For example. it the
estimated aquifer transmissivities are higher than actual transmissivities.
addionad wells would be required tor groundwater capture. This
translates into additionad cost for well construction, piping. and operation
and mantenance.  Uncertunties and associated contingencies are
tabulated in Chapter 6.

Conclusions

A tull hist of conclusions generated during the site evaluation are
presented in Chapter 7. along with recommendations for additiond work.
The list of COCs and potential remedial actions for cach COC s
tabulated in Chapter 7.

The tollowing 1s i svpopsis ot the conclusions:

. It lett unchecked, vadose zone contwmination will continue
to degrade groundwater quality fer ~overal hundred years.

. Sieep downward vertical gradients and increased honzonta
gradients that ¢xist heneath the site during the lte spring
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ALTERNATIVE NO. 1
e Vadose Zone:
No-Action

e Groundwater:
No-Action

ALTERNATIVE NO. 2
¢ Vadose Zone:
SVE

¢ Groundwater:
No-Action

ALTERNATIVE NO. 3

ALTERNATIVE NO. 4

e Vadose Zone:
No-Action

» Groundwater:
Pump & Treat

e Vadose Zone:
SVE

¢ Groundwater:
Pump & Treat

Detailed Evaluation and Comparison of Alternatives
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and summer promote contaminant movement from shallow,
more contaminated zones to deeper, less contaminated, more
transmissive aquifers. This results in larger target volumes
for groundwater remediation, especially in the C, D, and E
zones, which translates into higher costs for the eventual
remedial action.

. Implementation of soif vapor extraction within the vadose
zone would reduce or remove the threat of contaminant
loading to the groundwater.

. Groundwater extraction and treatment would inhibit offsite
movement of groundwater contamination and serve to
remediate subsurface contamination to levels accepted by the
California Environmental Protection Agency.

Report Volumes II and III

Volume I of this report contains Appendixes A through P. These appen-
dixes present more detailed information concerning various investigations
and evaluations conducted as part of the Davis Site. Volume II includes
a discussion of the soil gas investigation (Appendix A), air permeability
testing (Appendix B), treated groundwater reuse soils investigation
(Appendix C(a)), geotechnical exploration for the onsite reservoir
(Appendix C(b)). and a summary of field activities (Appendix D).

Groundwater contour maps are presented in Appendix E, mass estimates
for COCs are discussed in Appendixes F(a) and F(b), and an analysis of
potential ARARSs is presented in Appendix G. Appendix G will be
updated following receipt of the ARARs solicitation. Vadose zone con-
tamination impacts are discussed in Appendix H; and soil vapor extrac-
tion, groundwater extraction, and hydrocarbon remediation are discussed
in Aprendixes I, J, and K, respectively.

SVE gas and stripper offgas treatment are evaluated in Appendix L;
groundwater treatment and end-use options are discussed in Appendixes
M(a) and M(b). Natural biological groundwater attenuation is presented
in Appendix N; dual-phase extraction is discussed in Appendix O; and
Appendix P presents information concerning data validation.

Volume III contains lithologic and geophysical logs (Appendix Q). cone
penetrometer data (Appendix R), well construction data (Appendix S),
hydropunch data (Appendix T). and historical contaminant data
(Appendix U).

A preliminary risk assessment for the Davis Site has also been prepared

as a separate report and is being submitted concurrently with this RI/FS
Report.
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Glossary of Terms

AB

adsorption

advection

aerifer

aentard

alternative

anaerobic dehalogenation

aquifer

aquitard

atm
BACT
BDAT

bgs

100123BC.RDD (Davis RI/FS)

Assembly Bill

the accumulation of yases. liquids. or solutes on the surface of a
solid or liquid

a local change in the properties, such as temperature. of an air
mass caused by the horizontal movement of the air mass. Con-
taminant release is advection-controlled when the rate of contam-
inant removal rises with increased vapor extraction system flow.

a geologic unit through which air can flow to an extraction well:
analogous with the term "aquifer.” but for air rather than water

a geologic unit that retards the flow of air; analogous with the
term "aquitard,” but for air rather than water

For the Davis Site, four alternatives have been developed:

(1) no action for the vadose zone or groundwater: (2) soil vapor
extraction of the vadose zone and no action for groundwater;

(3) no action for the vadose zone and pump and treat the ground-
water; and (4) soil vapor extraction for the vadose zone and
pump and treat the groundwater.

the process of removing halogens from halogenated compounds
by replacing them with hydrogens under anaerobic conditions

an underground zone of earth. gravel, or porous stone that yields
water; beneath the Davis Site, as many as seven different coarse-
grained units have been defined as aquifers and given letter
designations A through G. sequentially increasing with depth.
This report discusses the B, C, D, and E aquifers.

an underground low permeability zone that restricts or retards the
passsage of water from an overlying or lower-lying aquifer. This
report references the A-B, B-C, C-D, and D-E aquitards.
Applicable or Relevant and Appropriate Requirements
atmosphere

best available control technology

best demonstrated available treatment technology

below ground surface

xvii




biotransformation

bioventing

BTEX
Ca
CAA

CAAQS

Cal/EPA

CARB
CatOx
CCR
CEC

CERCLA

CH,
cis-1.2-DCE
CLP

co

co,

COCs
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the biological processes that lead to transformation of a
compound: such as complete mineralization of a compound to
carbon oxide and water, uptake and incorporation of the
compound into the microorganism as cell material, conversion of
the corapound to metabolic end products, or reduction/oxidation
of the compound to other compounds

a technique where air is applied to the vadose zone to increase
soil gas oxygen, and thereby increase aerobic biological activity,
allowing micro-organisms to bieak down contaminants

benzene., toluene, ethylbenzene. and xylenes

caicium

Clean Air Act

California Primary and Secondary Ambient Air Quality Stan-
dards

California Environmental Protection Agency: Cal/EPA is
composed of the Department of Pesticide Regulation. the
Department of Toxic Substances Control. the Office of
Environmental Health, the Air Resources Board, Integrated
Waste Management Board, State Water Resources Control
Board, and nine Regional Water Quality Control Boards. In this
RI/FS. Cal/EPA encompases the Department of Toxic Substances
Control and one of the nine Regional Water Quality Control
Boards

California Air Resources Board

catalytic oxidation

California Code of Regulations

cation exchange capacity

Comprehensive Environmental Response, Compensation. and
Liability Act of 1980 (the Superfund law)

methane
cis-1,2-dichloroethene
Contract Laboratory Program
carbon monoxide

carbon dioxide

contaminants of concem
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COD

COE

cometabolic elements

cometabolism

component

CORA

CPT
CVRWQCB
CWA

Davis Site
1.{-DCE
1.2-DCE
desorption

DHS

diffusion

DNAPL
DREs

DTSC

dual-phase extraction system

EBT
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chemical oxygen demand

U.S. Army Corps of Engineers

the elements necessary for cometabolism to occur

the process whereby a "primary substrate” such as toluene. ethyl
benzene, or others, induces production of non-specific enzymes
that oxidize chlorinated aliphatics such as TCE. This process
can "biotransform” contaminants in groundwater to a nonhazard-

ous state.

For the Davis Site. capture, treatment. and end use are the com-
ponents of vadose zone and groundwater cleanup options.

a computer program for cost estimating. Uses the site conditions
and selected treatments to calculate capital and O&M costs ior
each treatment, along with site preparation costs.

cone penetrometer test

Central Valley Regional Water Quality Control Board

Clean Water Act

McClellan Air Force Base Davis Global Communications Site
1.1-dichloroethene

1.2-dichloroethene

the process of removing an absorbed or adsorbed substance

State of California Department of Health Services. known as
DTSC. Department of Toxic Substances Control

the spontaneous intermingling of two or more substances as a
result of random thermal motion. Contaminant release is diffu-
sion-controlled when the contaminants migrate into the vapor
phase at a relatively slow rate that does not depend on the mag-
nitude of soil vapor extraction system flow.

dense non-aqueous phase liquid

destruction and removal efficiencies

State of California Department of Toxic Substances Control

a system designed to simultaneously remove soil gas and water
from a single well screened at or above the water table

electron beam technology
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EC
EDB
EPA
ESI
FFSRA
FID
FIFRA
FRP

ES
GAC
GC
GC/MS

GC/TCD/FID

GSAP
HA

halogen

HCl1
IRP

IRPIMS

ITC

K

McClellan AFB
MCL

MCLG

Mg
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electrical conductivity

ethylene dibromide

U.S. Environmental Protection Agency
Engineering-Science. [nc.

Federal Facilities Site Remediation Agreement
flame ionization detector

Fedcral Insecticide, Fungicide, and Rodenticide Act
fiberglass-reinforced plastic

feasibility study

granular activated carbon

gas chromatograph

gas chromatograph/mass spectrometer

gas chromatograph/thermal conductivity detector/flame ionization
detecior

Groundwater Sampling and Analysis Program

health advisory

any of the five elements fluorine, c..lorine, bromine. iodine. and
astatine that form part of Group VII A of the periodic table and
exist in the free state normally as diatomic molecules
hydrochloric acid

Installation Restoration Program

Installation Restoration Program Information Management
System

Intemmational Technology Corporation
potassium

i fcClellan Air Force Base

maximum contaminant level
maxiniu.n contaminant level goal

mercury
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Y

MicroFem

msl

NAAQS
NCP
NO,
NOAEL
NO,
NO,
NPDES
NSPS
NSR
o&M
0,

offgas

offgas treatment components

OSHA

PADRE

PCE

PID
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a steady-state, finite-element computer modeling program used to
evaluate capture of contaminants for certain groundwater flow
conditions and pumping -ates at extraction wells

a computer modeling program that creates a transient,
multiaquifer simulation that uses a least squares. curve-fiting
algorithm to calculate aquifer and aquitard parameters based on
time-drawdown data collected during aquiter tests

mean sea level

sodium

National Primary and Secondary Ambicnt Air Quality Standards
National Oil and Hazardous Substances Contingency Plan
nitrogen dioxide

no observed adverse effect level

oxides of nitrogen

nitrogen dioxide

National Pollutant Discharge Elimination System

New Source Performance Standards

NEW SOUICE review

operation and maintenance

oxygen

the airstream discharged from a soil vapor extraction system.
Before being released to the atmosphere, this contaminated air-
stream will require some form of treatment to remove the con-
tamination.

At the Davis Si.c, four treatment possibilities were evaluated:
electron beam technology. catalytic oxidation, gas phase carbon
adsorption, and synthetic resin adsorption systems
Occupational Safety and Health Act

phosphorus

Purus adsorption desorption remediation material

perchloroethene or tetruchloroethene

photoionization detector
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PMI10
PNAg
POHC

pore volume

pore volume exchange

psia
PVC
QA/QC
QAPP
QC
RAP
RCRA
RtD

RI
RI/FS
RME
ROD
ROG
RPDs
RWQCB
SAP
SARA
SCOCs
SCS
SDG

SDWA
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particulate matter less than 10 microns in diameter
polynuclear aromatic compounds (semi-volatile compounds)
principle organic hazardous constituent

volume of all the air in the soil pore spaces within the region of
contamination

one complete replacement of air in all the pores of soil in a
specified area with uncontaminated air

pounds per square inch atmospheric

polyvinyl chloride

quality assurance/quality control

quality assurance project plan

quality control

Remedial Action Program

Resource Conservation and Recovery Act

reference dose, usually expressed in units of mg/kg-day
remedial investigation

remedial investigation/feasibility study

reasonable maximum exposure

Record of Decision

reactive organic gas

relative percent differences

Regional Water Quality Control Board

sampling and analysis plan

1986 Superfund Amendments and Reauthorization Act
subset of contaminants of concern

Soil Conservation Service

sample delivery group

Safe Drinking Water Act
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SMAQMD
SO,

soil gas
sorbed

sorption

SOV
SPT

STLC

Stripper

SVE
SVMW
SWRCB

target volumes

TBACT
TBCs
1.1.1-TCA
TCD

TCE
TCLP
TFH
THMs
TOC

TPH
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Sacramento Metropolitan Air Quality Management District
sulfur dioxide

gas present in soils

attached or held

the process of sorbing; taking up and holding as by adsorption or
absormption

soil organic vapor survey

standard penetration test

soluble threshold limit concentration

a computer program designed to calculate design parameters for
an air stripping column based on detailed conditions and treat-
ment objectives of the specified site

soil vapor extraction

soil vapor monitoring well

State Water Resources Control Board

the target area multiplied by the thickness of each respective
zone. There are two target volumes. Target Volume 1 consists
of contamination present above the C-D aquitard. Target
Volume 2 consists of all known contamination from the land
surface down to the bottom of the E aquifer.

toxic best available control technology

to-be-considered criteria

1.1,1-trichloroethane

thermal conductivity detector

trichloroethene

toxicity characteristic leaching procedure

total fuel hydrocarbon

trihalomethanes

total organic carbon

total petroleum hydocarbons
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trans-1.2-DCE
TSCA

TTLC
TVOCs

UBC

UFSTs

USDA
USDA/SCS

uTv

uv
vadose zone
VCL

VLEACH

VOCs
volatilization
WDR

YSAPCD
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trans-1,2-dichloroethene

Toxic Substances Control Act

total threshold limit concentration

total volatile organic compounds

Uniform Building Code

underground fuel storage tanks

U.S. Department of Agriculture

U.S. Department of Agriculture/Soil Conservation Service

unit target volume-the volume of air or water that is contained
within a respective target volume; it represents a single pore air
or pore water exchange

ultraviolet

soils above the water table

vinyl chloride

a computer modeling program designed to simulate the leaching
of volatile contaminants through the vadose zone.

volatile organic compounds
the act of evaporating or causing to be evaporated
waste discharge requirements

Yolo/Solano Air Pollution Control District
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Chapter 1 Introduction

This Remediad Investigation/Feastbility: Study (RI/ES) report was pro-
duced by CH2M HILL tor McClellan Air Foree Base (McClellan AFB)
as i portion of Delivery Order SOSS, under Contract No- FO4699-90-D-
0035,

The purpose ol this RIES report is 1o document the current undersianding
ol the contunmation problem at the Davis Global Communications Site
(Daves Sitey and to evaluate possible actions that could be taken o miti-
wate the problem. A sunimary of licld invesugation activities undertaken
trom TYXS to the present wre presented in this report. Data generated
trom this ticldwork are subject 10 hyvdrogeologic and engineering evalua-
nons. which are used 1o develop o hydrogeologic model of the site and 1o
develop hypotheses regarding the nature and extent of contiumination.
These data evaluations then provide the basis for developing and comipar-
iy ditterent remedial action alternatives for the Davis Site

Datt used in these evaduations include all soiil soil gas. and groundwater
data avindable at the tume the report was prepared through February 1993
Water quadity data for July 1953 were available in draft form in October
1993, These data were incorporated into site cross sections and into the
development of taget wreas and volumes in Chapter 4. Groundwater
modeling was pertormed to verity extraction well placement. extraction
rates. and capture zones for the recommended remedial action.
Groundwater modehing results are presented in Appendix J.

This report has heen prepared o comply with the Comprehensive
Envirommental Response, Compensation, and Liabitity Act of” 1980
(CERCLA) guidance tor conducting RIJES work. However. the Davis
SHe ix technically not @ CERCLA site. The Cadifornia Environmental
Protection Agency is the lead regulinory agency. The decision o prepare
a study that complies with CERCLA was made voluntarily by McClellan
AFB.

1.1 Focus and Structure of the RI/FS Report

A workshop wis held on June 300 1993, petween CH2M HILL sttt
McClellan AFB stafl, and representatives from the State of California
Department of Toxic Substinces Control (DTSC) and the Regional Water
Quitlity Control Board (RWQCB) to achieve consensus on the appropriate
tocus and structure of this RIES report.. During the workshop, @ list of
guestions that would he answered in the report, aong with the hest
mcethods o be used tor answering the RIFS guestions regarding

P01 2 79% RODY (v s RUTS) I-1

Steps in the RIESN process:
e Identify data needs

e Perform investigation
o Interpret data

e Characterize site

e Develop and evaluate remedial
action alternatives

e Select preferred remedy




contamination problems at the Davis Site were identified. This RI/FS
report has been designed to answer the important questions regarding
contamination at the Davis Site using the presentation and analysis
methods discussed in the workshop.

Consensus was also obtained on a variety of other issues at the June 30
workshop, including remedial response objectives, methodology for
addressing the petroleum hydrocarbon contamination, role of the risk
assessment, and approach to the FS. These items are summarized in this
section.

1.1.1 Remedial Response Objectives

The following remedial response objectives were identified for the Davis
Site:

. Reduce or eliminate levels of subsurface contamination that
pose a potential threat to human health or the environment.

. Prevent the spread of groundwater contamination beneath the
site, especially to regional aquifers.

. Provide implementable strategies for remedial actions as
quickly as possible and still maintain compliance with the
Federal Facilities Site Remediation Agreement (FFSRA)
Schedule.

The remedial actions that are eventually undertaken at the Davis Site will
be required to satisfy the above objectives.

1.1.2 Methodology for Addressing the Petroleum
Hydrocarbon Contamination

Petroleum hydrocarbon contamination exists at the Davis Site as a result
of diesel fuel that was discharged through three leaking underground
storage tanks. The tanks were removed in 1988, but contamination
remains.

The zone of petroleum hydrocarbon contamination is currently the subject
of a bioventing treatability study being conducted by Engineering Science,
Inc. The treatability study is scheduled to be complete by September
1994,

Characterization of the zone of petroleum hydrocarbon contaminaiion was
part of the remedial investigation, and discussion regarding the extent of
this zone of contamination and the impacts that this zone may have on
the fate and transport of other contamination in the subsurface is included
in the RI portion of this report. However, as agreed to in the workshop,
a detailed evaluation of cleanup options that could be used to remediate
the petroleum hydrocarbon contamination is not included in the FS.
Rather a separate less detailed evaluation comparing bioventing with the
excavation cleanup option is presented in Appendix K, Hydrocarbon
Remediation Options.

10012798.RDD (Davis RI/FS) 1-2




\

The reason for doing this is twofold. First, the effectiveness of
bioventing at the Davis Site is currently unknown because treatability data
are not vet available; therefore. a full evaluation and comparison of
hioventing with other options cannot be completed until the treatability
data are available. Secondly. remedial adternatives that address other
contaminant types at the Davis Site (e.g.. volatile organic compounds
[VOCs]| in soil and groundwater) can be evaluated and compared using
avanlable data: remedial actions can be selected and implemented for
these contaminant types without the need to wait tor completion of the
hioventing treatability study. This will allow other contaminated media to
begin remediation earlier than would otherwise be possible if the FS was
not compleced until the bioventing treatability data became available.

1.1.3 Role of the Risk Assessment in the Remedial
Investigation/Feasibility Study Program

A risk assessment document is heing prepared as a separate deliverable in
tandem with this RI/FS report. The role of the risk assessment at the
Davis Site 1s to: (1) identify the contaminants of concern (COCs). (2)
identity reasonable exposure pathways, and (3) estimate the risks
associated with each pathway.

As discussed in the workshop. the exposure pathways that are considered
by the risk assessment are inhalation of VOCs from the soil gas. exposure
1o contaminants from the site production well. and exposure to VOCs in
the groundwater. According to DTSC. metals exposure will be excluded
from risk analysis hecause historic site activities indicate that there is no
reason (o suspect metals contamination.

1.14 Approach to the Feasibility Study

During the June 3() workshop. cleanup options to be evaluated in the FS
were detined.  Possible options were developed separately for the vadose
zone and the groundwater, as listed:

Vadose Zone Cleanup ()ptions

. No-Action
. Soil Vapor Extraction

Groundwater Cleanup Options

. No-Action
. Groundwater Extraction

Each of the above cleanup options has different treatment and end-use
components that were included in the FS evaluation. These are presented
in Chapter 6 of this RI/FS report. [n addition, for groundwater two
different target volumes that represent different regions of capture were
considered. These are also described in Chapter 6.

At the request of McClellan AFB and the state agencies. this report also

discusses and evaluates an innovative extraction method for the vadose
zone and groundwater contamination referred to as dual-phase extraction.

10012798 RDD (Davis RI/FS) 1-3




This method allows contaminated water and air to be extracted from the
same well.

1.2 Site History

The Davis Site is an annex of McClellan AFB in Sacramento. located
approximately 4 miles south of the City of Davis (as shown in

Figure 1-1). The site was built in the 1950s and covers approximately
316 acres in Yolo County and is surrounded by farmland. A 320-acre
parcel located adjacent to the west portion of the site was ceded to Yolo
County in 1973 for development as Wilson Park. Currently. part of
Wilson Park is leased to an archery club. a horseshoe club. and a dog
training club. The remainder is open grassland.

The Davis Site consists of the fenced. Main Compound Area (approxi-
mately 8 acres shown in Figure 1-2), communication antennas. and
undeveloped grasslands. The Davis Site is staffed with approximately 12
people 24 hours a day by the 2049th Communications Squadron, which
operates out of McClellan AFB. approximately 20 miles to the northeast.

In 1985. three underground storage diesel-fuel tanks and associated piping
were discovered to be leaking diesel fuel. The tanks were drained and
removed in 1988. However, during the course of the field investigation
for hydrocarbon contamination, VOCs were detected in groundwater
samples. The source of these VOCs is unknown. However. it is likely
that past surface disposal practices of spent solvents contributes to the
contamination problem. Figure 1-3 (shown on page 1-7) is a time-line
illustrating contractors that have worked at the Davis Site since 1985.
Further details of investigation activities are presented in Chapter 2 and in
the appendixes.

1.3 Remedial Investigation/Feasibility Study
Objectives

1.3.1 Remedial Investigation Objectives

The principle objective of the Rl is to compile sufficient data to perform
a feasibility study. develop a remedial design, and implement a remedial
action. This objective is divided into specific vadose zone and
groundwater obiectives. The vadose zone objectives are:

. Identify areas of soil gas contamination within or near the
Davis Site.

. Identify changes in soil gas concentrations over time.

. Provide quantitative information on contaminants mass in

shallow soil.
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Engineering-Science
| I t 1 I
1984 1986 1988 1990 1992
YEAR
ROD1412 '3
5055 19
Identify arcas where additional soil gas information is
needed.
Conduct soil sanpling to quantity levels of petroleum hydro-
| carbons and the vertical distribution of contaminants
® observed to be hot spots during the soil gas survey.

Instad] soil vapor monitoring wells

Groundwater objectives are summarized as follows:

Develop o description of the site hydrogeology that is con-
sistent with previous interpretations and that incorporates
recent findings.

Characterize nature of both coarse- and fine-grained units to
estimate their potential to act as aquifers and aquitards,
respectively.

Characterize seasonal variation in flow direction and vertical
and horizontal hydraulic gradients in contaminated aquifers.

Investigate the extent of contamination in the B aquiter north
of the northeast corner of the Main Compound Area.

Investigate the seasonal variation in water quality in the B
aquifer.

Investigate the extent ol contamination in the C, D.and E
aquifers.
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1.3.2 Feasibility Study Objectives

The objectives of the Feasibility Study portion of this RI/FS report are as
follows:

. Identify and describe potential remedial action alternatives
that could be used to clean up the contamination.

. Evaluate and compare the different remedial action alterna-
tives so that decisionmakers can see the benefits and short-
comings of each alternative.

. Identify emerging innovative remediation techniques that are
not ready for implementation today, but could be ready for
application of the Davis Site in the near future.

These objectives are designed to support the decisionmakers in develop-
ing the remedial action plan (RAP) for the Davis Site.

1.4 Contaminants of Concern

Table 1-1 summarizes the contaminants of concern for the Davis site.
This list was developed based on risk assessment analysis, as summarized
in the risk assessment report for the site (CH2M HILL, 1993a). As
shown in the table, the COCs are subdivided based on whether they are a
problem in the vadose zone, a problem in the groundwater, or a problem
in both. The following criteria were used to develop the COCs list:

1. A contaminant was considered a COC if it contributed to 1 percent
or more of the total site risk according to the risk assessment
evaluation.

2. Contaminants in the groundwater were considered COCs if their
concentrations exceeded drinking water standards.

3. Contaminants in the vadose zone were considered COCs if they
had the potential to contaminate groundwater in the future via
downward migration.

Some of the COCs listed in Table 1-1 are probably not derived from
Davis Site operations and their discharge. For example, ethylene
dibromide (EDB) is a common soil fumigant used for agricultural pur-
poses and is likely derived from agricultural activity near the site. In
addition, the trihalomethane contaminants (THMSs) are probably created
after the water from the production well is subject to chlorination, and are
not frequently detected in situ in the groundwater. However, all identi-
fied contaminants of concern are listed here because they all have the
potential to impact human health. A subset of COCs was generated for
the vadose zone and groundwater. This subset, the SCOCs, is evaluated
in Chapter 4, Nature and Extent of Contamination.

10012798.RDD (Davis RI/FS) 1-8
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Table 1-1

Contaminants of Concern
Contaminant
of Concern | Contaminant
in Vadose of Concern in

Compound Zone Groundwater | Comments

i.i-Ihehloroethane X X Exceeds danking water stapdards in groundwater

I.t-Inchinrethene X x Exceeds dnnking water standards i growniwater

I.1.1-Tnchloroethane X X Contributes greater than 1 percent of total site nsk.

t.1.2-Trnchloro-1.2.2-tafluvro- X Detected 1n site production well above dnnking w ater

ethane standants.

t.4-Ihchlorobenzene x Detected 10 site production well sbove dnnking water
standards.

2-methylnaphthalene x Possible constituent of diesel-range petroleum
hydrocarbons in satl. It has the potential to mugrate
groundwater,

Acetone X Detected 1n site production well above dnnking water
standands.

Benzene X x Exceeds dnnking water standards in groundwater
Possible consutuent of diesei-range petreleum
hydrocarboas in sou.

Bist 2-ethylhexyliphthalate X Source unknown. Tymical laboratory contamunant. f «t
exists, 1t has the potental to migrate to groundwater

Bromodichloromethane x Exceeds dnnking water standards 1n site production well.
Not typically detected in monitonng wells.

Bromoform x Exceeds dnnking water standards in site poduction well
Not typically detected 1n monitonng wells

Butylbenzylphthalate X Source unknown. Typical laboratory contamwant. If 1t
exists. 1t has the potennial to migrate to groundwater

Chlorodibromomethane x Exceeds dnnking water standards in site production weil
Not typically detected 1n monnonng weils.

Chloroform X Exceeds dnnking water standards in site poduction well
Not typically detected 1in monitonng wells.

cis-1.2-dichlornethene X Exceeds dnnking water standards in groundwater.

[h-n-hutylphthalate x Source unknown. Typical laboratory contamunant. If it
exists. 1t has the potennal to migrate to groundwater

Inbenzofuran x Possible constituent of diesel-range petroleum
hydrocarhons in soil. [t has the potenual 1o migrate to
groundwater.

Ethylbenzene X Passible constituent of diesel-range petroleum hydro-
carbons 1n soil. It has the potential to migrate to
groundwater.

Ethylene dibromide (EDB, % Detected 1n site production well abiove dnnking water
standards. Occurrence hikely to he associated with
agncultural pesticide use and not related to site activities

Fluorene X Possible constituent of diesel-range petroleum
hydrocarbons 1n soul. It has the potental to migrate
groundwater.

m- and p-xylenes X X Posstble consntuent of diesel-range petroleum
hydrocarbons 1n soil It nas the potential to migrate to
groundwater.

Methyl 1sobutyl ketme x Detected 1n «ite production well above dnnking water

standards.
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Table 1-1
Contaminants of (‘oncern

Contaminant
of Concern | Contaminant
in Vadose of Concern

Compound Zone Groundwater | Comments

Methyl ethyl ketone x Detected 1 site production well above dnnking water
standands.

Naphthalene X Poss nje vonstituer” of diesel-range petroleum hyidro-
carbons 1 so1l. It has the potentiai t migrate o
groundwater.

v-1ylene X A Passible constituent of diesei-range petroleum
hydrocarbons 1 soil. It has potential o mugrate to
groundwater.

Petroleum hydrocarhons X x Possible consutuent of diesel-range petroleum
hydrocarbons in soil.  Petroleum hydrocarhon aetecied in
groundwater above dnnking water standards “.ear
underground storage tank site.

Phenanthrene x Possible constituent of diesel-range petroleum
hydrocarbons 1n soil. It Ras the potennal to migrate to
groundwater.

Pyrene x Possible constituent of diesel-range petroleum
hydrocarbons 1n sml. [t has the potential to mugrate
groundwater.

Tetrachloroethene (PCE) x x Exceeds dnnking water standards in groundwater
Contammant 1n soil 1s a potennial source for conunuing
contanunant release to groundwater.

Toluene x x Possible constituent of diesel-range petraleum
hydrocarbons i soil. [t has the potennal to migrate to
groundwater.

trans- {.2-dichlorocthene x Exceeds dnnking water standards 1n groundwater

Trehloroethene (TCE) x x Exceeds dnnking water standards in groundwater

Trnchloroflucromethane x Detected in site production well above dnnking water
standards.
Vinyl chionde X X Exceeds dnnking water standards in groundwater.
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Chapter 2 Field Investigation Activities

This chapter includes a summary of all remedial ivestigation activities
performed at the Davis Site since 1985, This informaticn will be pre-
sented in the following four forms and will be divided into the three
media analvzed (soil. groundwater, and soil gas):

. The chapter will begin with 4 briet written description of the
iteld actvities.

. A map of the Davis Site will be used as a base for overlays
showing sampling or other field activity locations, in terms
of media.

. A flow chart will present ficld activities in chronological
order. in terms of media.

. A\ table will be used to present the sampling activities in
chronological order in terms of the three media.

2.1 Summary of Previous Field
Investigations

Ten borings drilled by J. H. Kleinfelder & Associates in 1985 identified

sotf contamination in the vicinity of three underground diesel fuel tanks.

The tanks were exposed. and damage to at least one tank and associated

piping was evident. The tanks were then drained and covered with clean
Gl dirt and were removed in 19RR,

In 19YX7. an investigation performed by International Technology
Corporation (ITC) confirmed the presence of hydrocarbon contamination
in the vicinity of the storage tanks to a depth of S5 feet helow ground
surface (hgs) and determined that the groundwater bencath the site had
been contaminated with volatile organic compounds (VOCs) (Radian
Corporation, 1990). This investigation included seven additional soil
borings and mstallation of eight groundwater monitoring wells.

It subsequent investigations by ITC. trichloroethene (TCE, and tetrachlor-

oethene (PCE) were found in vapors collected from soil vapor surveys to
depths of 10 feet and in groundwater as deep as 225 feet bgs. These
investigations included 19 Cone Penctrometer Test (CPT) soundings.

11 <ol borings, Hydropunch sampling at CPT locations, installation of
17 additional i .aitoring wells, and a soil gas survey.,

)
f
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2.2

Summary of Current Field
Investigations

CH2M HILL has conducted field investigation activities since June 1992,
A detailed summary of field activities is included in Appendix D,
Summary of Field Activity. Field activities include the following:

Dry or partially submerged groundwater monitoring wells,
MW-1, MW-3, MW-5, and MW-7. were sampled for soil
gas in August 1992

Aquifer testing was conducted on Monitoring Wells
MWC-3, MWC-12, and MWC-14 in August 1992. During
January 1993, additional aquifer tests were performed on
Monitoring Wells MWD-12 and MW-3.

A total of 71 shallow soil gas samples were collected in
September and October 1992 from depths ranging from 5 to
20 feet bgs to assist in the location of soil vapor monitoring
wells (SVMWs). Details are provided in Appendix A, Soil
Gas Investigation.

Ex situ soil piles were sampled for petroleum hydrocarbons
in November 1992,

Six CPT soundings (CPT-18, CPT-18A, CPT-20, CPT-21,
CPT-22, and CPT-23) were performed in November 1992 to
investigate site stratigraphy.

Five SVMWs (CH-1 through CH-5) and adjacent piezo-
meters (P-1S and P-1D, P-2M, P-3S and P-3D, P-4S and
P-4D, P-5S and P-5D) were installed in November 1992 to
investigate the vadose zone chemical and hydrogeologic
properties. Selected soil samples were submitted for
analytical and physical testing.

SVMWs and adjacent shallow piezometers were sampled for
VOCs, and air permeability tests were performed in
December 1992 to provide estimates of hydraulic conduc-
tivity in the vadose zone. Details are provided in

Appendix A and in Appendix B, Air Permeability Testing.

Four groundwater extraction wells (EW-1B, EW-1C,
EW-2C, and EW-3C) were installed in April and May 1993
to capture contaminated groundwater from the B and C
aquifers.

Seven new groundwater monitoring wells (MW-19,
MWC-20, MWD-20, MWD-21, MWE-21, MWD-22, and
MWE-22) and two groundwater piezometers (PC-21 and
PC-22) were installed in May and June 1993 to aid in esti-
mating the nature and extent of groundwater contamination.

Short duration pump tests were performed during well devel-
opment to estimate aquifer propertics of the new extraction
wells and monitoring wells.

10012706 RDD (Davis RIES) 2.2
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. Two CPT soundings (CPT-24 and CPT-25) were advanced
in April 1993, and a test hole (TH-1) was drilled in May
1993 1o provide guidance for locating a proposed injection
well. The test hole was core sampled. logged (geologically
and geophysically). and tremied with grout in June 1993,

. Groundwater levels were measured biweekly during 1992
and monthly during 1993,

. Groundwater levels were collected on an hourly basis from
Well Cluster MW from July 1992 to July 1993,

Table 2-1 provides a summary of the three media sampled during reme-
dial investgations (soil. groundwater. and soil gas). Within each media
the activities are listed in chronological order.

Table 2-2 contains well construction data for the SVMWSs and piezo-
meters and groundwater monitoring wells at the Davis Site,

Figure 2-1 is a detailed chronology of field investigation activities con-
ducted at the Davis Site since 1985. The activities are divided into three
portions: soil. groundwater. and soil gas. Also provided is the name of
the contractor performing the field activity.

Figures 2-2 and 2-3 are base maps for Overlay Figures 2-2a through 2-2d.
and 2-3a. The overlays include sampling locations or other field activity
shown in Figure 2-1. Because there is a high degree of overlap in sam-
pling locations. these overlays were developed so that sampling locations
can be viewed in various combinations. Each overlay has a set of match
points along the southern edge of the site. These match points should
overlap when using the overlays (removing the overlays and base map
trom the binder may simplify their use). Sampling locations for the
activities summarized in Figure 2-1 are included in these overlays and are
organized as follows:

. Figures 2-2a and 2-2b include locations related to soil
sampling activities.

. Figures 2-2c and 2-2d include locations related to ground-
water sampling activities.

. Figures 2-3a includes locations related to soil gas sampling
activities. (ITC's 1989 shallow soil gas sampling locations
are shown on the basemap, Figure 2-3.)

Other ficld investigation activities currently being conducted at the Davis
Site are being performed by Radian Corporation and Engineering-Science
Inc. Radian is responsibie for quarterly groundwater sampling from the
monitoring wells onsite. This sampling has been performed on a
quarterly basis since July 1992. Historical groundwater quality data are
contained in Appendix U, Historical Contaminant Data. Engineering-
Science, Inc. is performing a treatability study vsing in situ bioventing to
remediate hydrocarbon contamination,
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Chapter 3 Hydrogeologic Conditions

In order to develop an understanding of the hydrogeology at the Davis
Site and build hypotheses for contaminant transport and potential site
remedial actions, the data generated from the remedial investigation (RI)
are interpreted in this chapter.

3.1 Regional Hydrogeology

The regional hydrogeology helps explain the interaction between site con-
ditons (e.g.. water levels) and regional influences. Results of the RI
show that trrigation withdrawals from the regional aquifer system greatly
effect groundwater flow beneath the Davis Site. A good understanding of
the interaction between the regional and local hydrogeologic systems is
critical in cvaluating site risk, contaminant transport and potential
corrective actions,

3.1 Geology

The treshwater-bearing sediments in the vicinity of the Davis Site consist
of three geologic units listed from ground surface to increasing depth and
age—the vounger alluvium, the older alluvium, and the Tehama Formation
(USGS. 1960). The younger alluvium is up to 40 feet thick consisting
primarily of fine-grained flood plain or overbank deposits mixed with
lesser amounts of sandy stream channel deposits. The older alluvium is
60 to 130 feet thick and consists of stream deposits of silt, silty clay,
pravel. and sand deposited by Putah Creek. Fine-grained deposits pre-
dominate. Gravel and sand deposits comprise about one-fourth the thick-
ness and occur as discontinuous lenses rather than continuous sheets. The
Tchama Formation occurs below about 160 feet and is over 2,000 feet
thick. Tt consists of silt, clay, and silty fine sand enclosing lenses of sand
and gravel and siit and gravel. The geologic contact with the older allu-
vium is poorly defined, difficult to determine in borings. and may be
gradational.

3.1.2 (Groundwater Levels and Flow Directions

Regional and local vertical and horizontal groundwater gradients are
influenced by agricultural pumping during the growing season from April
to October. Groundwater levels typically fluctuate 30 feet or more per
year, and there are strong downward gradients during the growing season
caused by pumping agricultural wells in the vicinity of the site, which are
typically 200 to SO0 feet deep. Most agricultural wells are screened from
150 feet within the D and lower aquifers. Winter groundwater levels
approach mean sea level (msl) while summer levels drop to lower than
-40) teet msl. During recharge in the winter, gradients are slightly
upward. Prior to agricultural development, groundwater flowed eastward
from the Coast Range toward the discharge point at the Sacramento River

RDDUIOOI27EL WPS (Dawvis RUFS) 3-1




east of the site. A groundwater pumping depression has existed for over
60 years near Dixon, California, southwest of the site, which causes
regional gradients in the vicinity of the site to be primarily toward the
south-southwest rather than east (see Figure 3-1).

3.2 Site Hydrogeology

Lithologic data from past investigations have been reviewed and
incorporated into current lithologic data to develop hypotheses on the
subsurface conditions beneath the Davis Site. Uncertainties remain
regarding the extent of aquifers and their associated hydraulic properties.
The effects of these uncertainties on site remedial actions are discussed in
more detail in Chapter 6.

3.2.1 Stratigraphy

The stratigraphy underlying the site has been divided into five zones—A,
B, C, D, and E. These zones are made up of coarse-grained and fine-
grained materials. For convenience in discussion, the terms "B," "C,"
"D," and "E" aquifer have been retained and apply to the permeable units
within each specific zone. The five zones extend to a depth of
approximately 245 feet below the site. While the depth and thickness of
all zones varies within the area of contamination, stratigraphic borings
indicate that generally these zones exist as they have been shown in the
cross sections in Chapter 4. The conceptual cross section shown in
Figure 3-2 indicates the location of these zones beneath the site.

The zones include both permeable aquifer matenals (sand and gravel) and
low permeability aquitard materials (silt and clay). The low permeability
zones, which generally exist across the site between aquifers, are termed
aquitards and have been named the A-B, B-C, C-D, and D-E aquitards.
The A zone (vadose zone) extends from ground surface to 65 feet below
ground surface (bgs) and contains the A-B aquitard; the B zone extends
from 65 to 95 feet bgs and contains the B aquifer; the C zone extends
from 95 to 145 feet bgs and contains the B-C aquitard and the C aquifer;
the D zone extends from 145 to 195 feet bgs and contains the C-D
aquitard and the D aquifer; and the E zone extends from 195 to 245 feet
bgs and contains the D-E aquitard and the E aquifer.

A conceptual cross section is shown in Figure 3-2. The horizontal scale
has been exaggerated to allow subsurface features to be shown more
clearly.

The conceptual cross section depicts the depositional history of the site
and how this may lead to the pattern of groundwater contamination found
beneath the site. Coarse-grained deposits within 150 feet of the surface
are a result of sandy stream channel deposition mixed with fine-grained
flood plain deposits. The stream channel deposits are more uniform and
continuous in a generally north-south direction probably the result of
ancient Putah Creek meandering. Discontinuities within the coarse-
grained deposits are more prevalent in the east-west direction than the
north-south direction supporting this hypothesis.
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D and E zone coarse-grained deposits are more continuous beneath the
site. These formations are more transmissive and are considered regional
aquifers in the area.

3.2.2 Vadose or A Zone

Clays comprise most of the vadose zone. The only extensive permeable
deposit is a sand deposit typically 10 feet thick found between 20 and 40
feet bgs. It is a fining upward sequence with a coarse sand at the bottom
grading upward to a fine sand and silty sand at the top. This deposit is
found consistently beneath the fenced compound and cast of the fenced
compound area, but not west of the fenced compound.

The thickness of the vadose or unsaturated zone ranges from 25 to 70
feet bgs from winter to summer as the water level drops because of
regional agricultural pumping. Because the extent of the vadose zone is
changing daily because of water level fluctuations, the vadose zone within
this document was considered to extend from the ground surface to

40 feet bgs. In a typical year, this zone is unsaturated a majority of the
time. The zone between 40 and 70 feet bgs is considered a seasonal
vadose zone because it is unsaturated less than half the year. This 40- to
70-foot zone is comprised mainly of fine-grained materials of relatively
low permeability and low organic carbon. Contaminants in this region
are mobilized each winter as water levels rise, saturating the available
pore spaces and dissolving residual contaminants sorbed to the soil. The
dissoived contaminants may then flow both laterally and vertically with
the groundwater. The predominantly clay soils have a high specific
retention of water whereby most of the moisture in the pore spaces is
retained after the water table drops. This reduces the available storage
within the clays and allows for a large increase in water levels under
relatvely small amounts of recharge.

3.2.3 B Zone

The B zone extends from 65 feet bgs to approximately 95 feet bgs. In
general, permeable deposits are thickest in the area of EW-1B with about
25 feet of well sorted gravel and sand intermixed with silty sand in this
vicinity. The permeable deposits thin and pinch out within 100 feet south
and west of EW-1B and within 200 to 300 feet north and east from
EW-1B (see Figure 3-3 and Chapter 4 cross sections). The permeable
materials are bounded above and below by sandy and silty clays.
Discontinuous lenses of permeable material are interspersed throughout
the subsurface at other locations away from the fenced compound area
(near MWB-1, MWB-11, and MWB-14) but little to no contamination has
been detected at these locations.

324 C Zone
In past investigations, the base of the C zone has been defined at approx-

imately 120 feet bgs. Additional field investigation and interpretation has
led to interpreting the base of the C zone to be located approximately 145

RDDI00127F1.WP5 (Davis RI/FS) 34




L Predominant flow direction
of depositional channei

0. % —
WU e
§__.j,.¢ et m s
Fo
3
L
SECTION \ & o
CUT LINE G
.
c
w
A
SITE PLAN
Vadoze
Zone
B
Zone
C
Zone
D
Zone
E
Zone
RUL4te 312

5065 13

e

VERTICAL 8
{Approxima¥




SEN

krection
nnel

(Section F)

NTS

VERTICAL EXAGGERATION 2:1
(Approximate)

" Soction £)
2

yio”

6e°

LEGEND

COARSE-GRAINED MATERIALS
WP FINE-GRAINED MATERIALS

FIGU
DAVI

SITE
DAVIS
McCLE
YOLO C




(Section E)

LEGEND

COARSE GRAINED MATERIALS

[ ' FINE GRAINED MATERIALS

Vadoze
Zone

Zone

Zone

Zone

Zone

FIGURE 3-2
DAVIS SITE CONCEPTUAL
SITE CROSS SECTION

DAVIS GLOBAL COMMUNICATIONS SITE
MCCLELLAN AIR FORCE BASE
YOLO COUNTY CALIFORNIA

CHMHIL ———




Sw

SCALE | [ ]
77100 | @ *
I mwe-3
1 MWD-3
MWE-3
MWD-10 ewc-d El27 MW-4
OEPTH El 27 El 29| E|.25
(FT) ‘ 0 |
o
| ]
; J
AQUIFER OR K Tﬂ v I _.._vJ —3
AQUITARE: S feev | feel's .
day | day .
-40 ) 3 - 4
ABAQUITARD | NA | NA | NA :
A 4 >l 4 x
B AQUIFER 1 3 100 | - - 4
to to to
001 | 30 1000
80 B-C AQUITARD | NA NA | NA
C AQUIFER 7x10% 25 |1.000 2
to to
200 :
C-D AQUITARD T NA NA
D AQUIFER 2x10% 100
to | to
120 1x107] 150
D-E AQUITARD | NA NA
EAQUIFER (231071 100
1x10%| 200
NCTE
S = Storage Coetticrent
K = Mydrautc conductivity
160 Tx  Transmussivdy
NA = Not Available
200
240
m -
200 600
RDD1412 39

5055 19




10 Ewc-§
27 El29)

MWE-3
El27 MW-4
’ El 25

|

|

| pas
‘' CH-4
MW-6 P-4D
El23 EI28

s

' A

FINE-GRAINED MATERIAL

‘Q'—-———‘_—-—-—-——

b TR S v

NOTE:
Plan view locati{
is shown in Figy

1000

FIGURE 3-3
GENERALIZ]

FROM MWD«
DAVIS GLOBAL CQ
McCLELLAN AIR Fi

YOLO COUNTY, C




NOTE:

Plan view location of Cross Section
is shown in Figure 4-8 as H-H'

E
Zone

1000

FIGURE 3-3

GENERALIZED SITE CROSS SECTION

FROM MWD-10 TO CH-4
DAVIS GLOBAL COMMUNICATIONS SITE
McCLELLAN AIR FORCE BASE

YOLO COUNTY, CALIFORNIA

CHMHIL e

-240

! ®
[ LJ e [
.
. |
11 ‘ :
) o
1 1 MwD2 Mw-1 MW-6 P-4D
5| | El28 EI26 €123 E128
NI |
T 0
i
IR Vadose
L i1 . 4 Zone
b ’ | .
il SEASONAL
it GROUNDWATER 40
3 LEVEL
. :‘" . FLUCTUATION
v
L )|
11 B
$1 Zone 80
1
] 1
1
| c
) Zone
. 120
1
]
¢
T
i
l 160
i D
| Zone
1
|
}
} -200
]
A
1
i
[
1
1
|
|
|

v




feet bgs. In all likelihood. the base of the B zone and the top ot the C
zone are one depositional sequence. Water levels in the two zones are
near equal. and horizontal gradients are very similar.

Extraction Well EW-1C and Monitoring Well MWD-2 are tiie only wells
completed in the C zone within the tenced compound area. The coarse-
grained matenials within the C zone become more permeable with depth
based on well development testing.  Most of the permeable units within
the C zone above 115 feet bgs are composed of silty sand. The units
below 120 feet thicken and are typically composed of sand and gravel
with sand. The permeable unit between approximately 120 feet and 145
feet bgs bounded by MWD-2 on the northeast and MWD-10 on the
southwest appears to be continuous within this range. This zone has the
potential to be a conduit for downward contaminant movement beneath
the site by linking the C and D zones near Well Cluster MW3,

3.25 D Zone

The D zone extends from approximately 145 to 195 feet bgs. With the
exception of the site production well, there are no wells screened within
the D zone in the fenced compound area. Most of the permeable material
is composed of well-graded gravel and gravel and sand mixtures. A clay
matrix separates the permeable units within this zone. The zone appears
1o be thickest along the entrance road to the compound at depths between
approximately 145 to 175 feet. Monitoring Well MWD-13 appears to be
screened across the interface of the D and E zones. MWD-13 water
levels have been lower than most D zone wells in the past. Near Well
Cluster MW3, the lower C zone and upper D zone are separated by less
than 10 feet of silt and fine sand. This area has the potential for vertical
moveinent of contamination from above.

The site production well and several offsite agricultural production wells
are screened within this zone. Therefore. water levels fluctuate rapidly in
response to onsite and offsite pumping. No evidence of this zone was
found during drilling or the test hole approximately 2,600 feet north of
EW-18B.

3.2.6 E Zone

The E zone extends from approximately 195 feet to 245 feet bgs beneath
the site. Currently. only three wells are screened within this zone:
MWE-3. MWE-21, and MWE-22. Lean and fat clays separate the layers
of poorly sorted gravel and sand within this zone. The permeable unit
appears to be about 30 feet thick across the site. This zone is considered
a regional aquifer. and most offsite wells in the vicinity of the site are
screened across this zone.,

3.2.7 Hydraulic Properties
Aquifer hydraulic properties have been estimated based on aquifer testing
and testing during well development performed at the site (CH2M HILL,

1992: CH2M HILL 1993). Transmissivities generally increase with depth
at the site. Because of the heterogenous nature of the subsurface,
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hydraulic properties vary significandy within cach aquiter. Table 3-1
gives a range of hydraulic properties estimated for each aquitfer. These
estimates will be updated as additional data are gathered and interpreted.
Aquitard hydraulic properties are more difticult to predict because direct
testing on the materials is not perfonmed.  Estimates of aquitard vertical
resistance are presented in Appendix J. Groundwater Modeling. The
hydraulic property estimates were input into the groundwater modeling
performed for capture analysis discussed in Appendix J.

Table 3-1
Estimated Hydraulic Properties
Hydraulic

Storage Conductivity Transmissivity
Aquifer Coefficient (ft/day) (ft¥/day)
B 0.1 1o 0.00] o 100 to 1,000
C Tx10° 25 1o 200 1.000 to 1,000
D 2x 0%l x 10° 100 10 150 1000 o 2,000
E 2x10%wix10° 1N 10 200 2000 10 7.000
‘Estimated based on D aquifer results.

33 Groundwater Levels and Flow

Directions

Groundwater levels and flow directions vary greatly beneath the site. A
major source of uncertainty with regard to groundwater levels and flow
directions remain in the D and E aquifers. Onsite pumpin« of the site
production well and of*-ite pumping from agricultural wells are opera-
tions that influence and dictate groundwater levels and flow directions
beneath the site. The pumping schedules cause uncertainty in ground-
water flow.

Figures 3-4a, -4b, and -4c are vecior diagrams showing the direction and
magnitude of the groundwater gradients in the B, C., and D zones between
July 1992 and July 1993, Because of the effects of agricultural pumping
near the site, groundwater flow directions and flow rates within aquifers
benea.. e site are variable. Groundwater flows to the south-southeast
with a gradient ot approximately 0.005 ft/ft in the B and C zones from
May to November in response to the regional eastward gradient aud the
persistent groundwater pumping depression southwest of the site near the
City of Dixon. Groundwater flows north-northwest in the winter in the B
and C zones with a gradient of approximately (.0008. The D zone
gradient is nearly flat most of the year. On March 31. 1993, the D zone
gradient tended slightly to the southwest. On May 25, 1993, the D zon:
gradient was towards the east, probably in response to pumping from
three agricultural wells located one-quarter to one-half mile east ot the
compound. Later in the summer pumping season and in the fall, the
gradient was too shallow to confidently measure. Water level co our
maps are presented in Appendix E. Groundwater Contour Maps.
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The horizontal gradients measured in the B, C, and D aquifers between

July 1992 and July 1993 are generally consistent with those measured

during 1990 and 1991. Groundwater flow directions within each aquifer

varied according to the season. During 1991, groundwater levels within

the B and C aquifers were nearly the same. Groundwater flowed to the ®
west-southwest during the winter and to the south during the spring and

summer. D aquifer groundwater flowed to the west during the winter and

to the east-southeast during the summer.

Figure 3-5 shows vertical gradients between the C and D zones, C and E

zones, and D and E zones based on measurements at Well Cluster MW3 ®
south of the compound. Downward gradients exist from May to October

because of agricultural pumping from deep zones. Gradients from the D

to E zones are the largest at 0.22 fy/ft downward during summertime

pumping conditions because the E zone is pumped heavily for agriculture.

These downward gradients cause flow from shallow zones to deeper

zones at the site. Slight upward gradients exist for all zones from ®
November through March preventing downward contaminant movement.

Vertical gradients for other well clusters at the site were calculated for the

same time period and are presented in Attachment 2 to the Response to

Comments section of this report. The vertical gradient trends are

generally consistent across the site. ®
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Groundwater levels were recorded hourly at Well Cluster MW 1 with a
data logger from July 1992 to July 1993. The annual fluctuation in
groundwater levels from the B, C, and D aquifer zones are presented in
Figure 3-6. The upward vertical gradient from the D aquifer to the B and
C aquifers is shown on the figure and occurred from mid-September 1992
through mid-April 1993. Groundwater levels were exceptionally low in
the summer of 1992 because of a 7-year drought and increased ground-
water pumping in the site vicinity, Levels recovered to just above sea
level in the winter because precipitation was 75 percent above average.
MWB-1 and MWC-1 responded almost identically mcasuring within
several hundredths of a foot of each other. MWD-1 groundwater levels
were several feet belsw MWC-1 during agricultural pumping because of
downward gradients induced by pumping from decp agricultural wells.

Groundwater levels in MWD-1 were above MWC-1 during the winter
groundwater recharge period.

34 Vadose Zone/Saturated Zone Interface

The vadose zone plays a key role in understanding the subsurface condi-
tions at the Davis Site. The following vadose zone factors have the
greatest influence in understanding subsurface complexities:

) Cyclic annual movement of groundwater Ievels by 30 to
S0 feet
. Likely source of historic comtamination
. Fine-grained materials dominate the profile
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Figure 3-7 shows a schematic of the vadose zone saturated zone interface.

The potential contaminant fate and transport between these zones will be
discussed in the next chapter. The annual fall of groundwater levels
creates a seasonal vadose zone, which is desaturated during summer
pumping conditions. Pressures below and above atmospheric pressure
have been measured within this seasonal vadose zone probably caused by
the rapid displacement of water with air as water levels fall and the rapid
displacement of air with water as water levels rise. Because the vadose
zone is a source of contamination, expected degradation values can be
compared to measured values to help understand the subsurface
conditions.
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Chapter 4 Nature and Extent of Contamination

Data generated during the Remedial Investigation (RI) fieldwork are used
in this chapter to estimate the mass and distribution of contamination in
the vadose zone and groundwater. The data on contaminant mass and
distribution are combined with our current understanding of the hydro-

geology as presented in Chapter 3 to develop a working hypothesis on the

mechanisms of transport that control contaminant movement at the Davis
Site. The evaluation presented in this chapter will be used to develop
feasibility study (FS) alternatives and eventually lead to a remedial action
plan.

4.1 Extent of Contamination

4.1.1 Discussion of Contaminants of Concern

Contaminants of Concern (COCs) were chosen for the groundwater and
soil gas on the basis of recent and historical sampling results. Chapter 1
discusses the selection of COCs. A subset of the full COC list (SCOCs)
1s presented in this chapter for contaminant fate and transport consider-
ations. The subset consists of the compounds from Table 1-1 that are
present above groundwater MCLs or that represent greater than 1 percent
of the mass of contamination within the vadose zone outside of the area
of influence from the bioventing study. The SCOC list is shown in the
margin. Tables 4-1 and 4-2 present summary statistics for the ground-
water and vadose zone SCOCs. Contaminant data are presented in
Appendix U. The detected SCOCs in groundwater and soil gas are pre-
sented on cross-sections located at the end of this chapter.

SCOCs

Vadose Zone Groundwater
PCE PCE

TCE TCE

L1-DCE 1,1-DCE
Benzene Benzene

Vinyl Chloride Vinyl Chloride
Toluene 1,1-DCA
Xylene 1L,2-DCE

Table 4-1
Summary Statistics for Groundwater SCOCs

Number

of Detects/ | Frequency Range of Standard
(Compound Samples of Detects Detects (ngl) | Mean Deviation
PCE 151/312 0.48 0.12 to 1,400 95.97 214.46
TCE 214/295 073 0.27 10 3,000 104.47 278.10
1.1-DCE 113/330 034 <0.0 to 390 26.36 4421
Benzene 247310 0.08 <0.0to 11 1.71 2.56
Vinyl Chlonde | 30/340 0.09 <0.0 to 410 111.43 129.84
1.1-DCA 40340 012 <0.0 to 18 5.06 8.56
as 1,2 DCE 647223 0.29 0.41 1o 870 14.53 74.31
trans-1,2-NDCE 35/120 0.29 <0.0 to 3,400 409.45 922.92
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Table 4-2
Summary Statistics for Vadose Zone SCOCs
Number Percent
of Detects’ | Frequency Range of Standard of Total
Compound Samples of Detects Detects (pg/l) Mean Deviation Mass
PCE 85/92 0.92 0.020 to 541.20 44.87 99.43 90.1
TCE 52/92 0.57 0.010 t0 50.35 3.96 8.94 42
1,1-DCE 32/92 0.35 0.030t0 10.14 1.86 2.69 0.3
Benzene 36/92 0.39 0.007 10 1.12 0.11 0.19 0.1
Vinyl Chloride 192 0.01 <0.0 to 0.0030 0.00 -- 2.0
Toluene 59/92 0.64 0.007 10 25.90 1.11 451 0.7
m-, p-Xylene* 4392 0.47 0.004 10 16.30 0.50 247 2.6
o-Xylene® 2592 027 0.013 10 17.50 0.83 3.47 0.0
*Sum of isomers.
*1,2-Dimethylbenzene.

Although not included with the groundwater SCOCs, ethylene dibromide
(EDB) and trihalomethanes (THMs) have been detected in samples from
the site production well. EDB was used heavily in the agricultural indus-
try as a soil fumigant until the early 1980s. EDB has been detected at
levels over one hundred times greater than the maximum contaminant
level (MCL) of 0.02 pg/l. EDB analysis has not been included in moni-
toring well sampling and analysis to date. Therefore, no additional data
exist from site monitoring wells. The site production well is screened
within the C and D aquifers and future sampling for EDB in monitoring
wells is recommended.

It is suspected that the occurrence of THMs in the site production well
samples is a result of sampling the water downstream of the chlorination
point. Samples from upstream and downstream of the point of chlorina-
tion should be collected during the next site production well sampling
event. It is suspected that the results will show that THMs will be detec-
ted in the downstream sample only.

4.1.2 Hydrocarbon Contamination

A known source of petroleum hydrocarbon contamination at the site is
from the leaking underground fuel storage tanks that were removed
during 1988. The soil is contaminated beneath the former tank locations
down to a depth of approximately 65 feet below ground surface (bgs).
Petroleum hydrocarbon related compounds (benzene, toluene, ethyl-
benzene, and xylene) have been detected in the soil gas and in ground-
water samples.

Total petroleum hydrocarbon contamination was detected in soil samples
from 30 to 65 feet bgs during drilling of Well CH-5 in November 1992.
The soil contamination is mainly found at two subsurface locations. The
first location is at the interface of a silty sand layer and a clay layer at a
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depth of 30 to 40 feet bgs (see Appendix K, Hydrocarbon Remediation
Options). This depth represents approximate mean annual high ground-
water level. The petroleum hydrocarbons typically tloat on the ground-
water surface, and this depth may represent a layer of deposition for the
hydrocarbons in soil because of the groundwater levels and because of the
change in lithology trom a more coarse-grained to a more fine-grained
matrix.

The other zone of contamination occurs around 60 feet bgs in a clayey
matrix. This depth is the approximate depth ot low annual groundwater
and may represent a concentration of the contamination because of the
contamination floating on the groundwater table.

4.2 Development of Contaminant Mass
Estimates
4.2.1 Selection of Target Areas and Target Volumes

Target areas were developed by interpreting existing and historic contami-
nation data. The extent of contamination within cach zone is a major
source of uncertainty. It is possible that monitoring wells do not indicate
the full extent of contamination. Uncertainty may increase because of
contaminant transport and spreading. A discussion of how uncertainty
affects target zones is presented in Chapter 6.

To evaluate capture scenarios for vadose zone and groundwater contami-
nation. target areas must be selected. Target areas for each aquifer were
selected on the basis of the historical water quality results with an
emphasis on the February and July 1993 resuits for each medium of
concern. The target areas approximately encompass the area in which
contamination has been detected. However, it is possible that undetected
contamination may exist beyond the target area.

Once target areas have been selected, target volumes can be calculated.
Target volumes represent the target area multiplied by the thickness of
each respective zone. Target volumes do not account for porosity. Unit
target volumes can be defined as the volume of air or water that is
contained within each respective target volume. A unit target volume
represents a single pore air or pore water exchange. More than a unit
target volume of extraction is needed to adequately remediate a selected
contaminated medium. For the saturated zone, the extracted volume is
typically five to ten times the unit target volume. For the vadose zone,
the extracted volume is typically hundreds or thousands times the unit
target volume. The actual number of pore air or pore water exchanges
required will depend in part on the performance of the extraction system.
Therefore, only unit target volumes are presented for this report.

To estimate the unit target volumes for each zone, the respective target

area is multiplied by the porosity of the medium and then multiplied by
the thickness of the medium. The target areas and unit target volumes

are presented in Table 4-3,
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Table 4-3
Target Areas and Unit Target Volumes
Target Area Unit Target
Target Area Thickness Volume
Zone ) () Porosity (gal.)

Vadose Zone 131.200 40 0.40 2,100,000 ¢
A-B Agquitard 453.000 28 0.45 3R.100,000
B Aqulfer 453,000 30 (140 40,700 (0%}
B-C Aquitard 649 350 20 45 43,700 000
C Aquifer 649,350 30 N3y 56,300,000
C-) Aquitard 969,000 20 0.45 65,200,000
D Aquifer 969,000 30 0.35 76,100,000
D-E Aquitard 950,000 20 0.45 63,900,000
E Aquifer 950,000 30 035 74,600,000
*Vadose zone umit target volume units of .

Figure 4-1 is a base map for Overlay Figures 4-1a through 4-1d. The
target areas for the B, C. D, and E aquifers are given in Figures 4-1a
through 4-1d. The E aquifer target area is based on water quality results
from MWE-3, MWE-21, and MWE-22. Sampling results from the

E aquifer monitoring wells indicate that volatile organic compound
(VOC) concentrations are below the allowable MCL. In samples from
aquifers B, C, and D, VOC concentrations are above MCLs.

Contaminant concentrations near or at the boundary of the target areas are
presented on the overlays. Typically, the plotted contaminant values have
been detected at irregular intervals over the past 4 to S years. Some of
the values may be representative of seasonal changes in groundwater

quality.

Figure 4-2 is a base map for Overlay Figure 4-2a. Soil gas sampling
locations are shown in Figure 4-2a. Polygon areas are shown in
Figure 4-2b. Sampling results for the 5-foot. 10-foot, 20-foot, and
30-foot depths are shown in Figures 4-2¢ through 4-2f. The soil gas
target areas were delineated based on shallow soil gas sampling results
and soil vapor monitoring well (SVMW) sampling results. The target
areas approximately encompass the areas where soil gas contamination
has been detected. Soil gas sampling was conducted to a depth of
approximately 40 feet bgs. Therefore. the base of the vadose zone was
assumed to extend to a depth of 40 feet bgs. The seasonally saturated
zone between 40 feet and 70 feet bgs was accounted for during the mass
estimate for groundwater as the A-B aquitard.

4.2.2 Mass of Contamination
Mass estimates for the SCOCs within each zone were prepared based on

the target areas presented in Figures 4-1 and 4-2. Mass estimates for the
vadose zone were based on shallow soil gas results and SVMW and
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piezometer sampling performed during 1992. Groundwater contamination
estimates were based on water quality results from the February and July
1993 groundwater sampling.

4.22.1 Vadose Zone

The SCOCs in the vadose zone were chosen by determining which com-
pounds comprised over 1 percent of the total contaminant mass in the
vadose zone. The vadose zone contaminant mass exists in three forms:
sorbed onto the soil matrix, dissolved in pore water, and present in soil
gas. Soil gas results were input into partitioning equations to estimate the
total contaminant mass at equilibrium. All three forms were considered
in calculations performed to estimate the total mass of contamination
present. A complete discussion of the approach used for the vadose zone
contaminant mass estimation is given in Appendix F(b), Mass Estimate
tor Vadose Zone Contamination. A more rigorous discussion of the
equilibrium partitioning between vapor. liquid, and adsorbed phases can
be found in W. A, Jury, W. F. Spencer. and W. J. Farmer (1983).

To estimate the contaminant mass present. the vadose zone target area
was subdivided into 11 polygons of known area (see Appendix F(b).
Figure F(b)-1). Each polygon was subdivided vertically into four depth
zones. Contaminant concentrations within each depth zone were
estimated based on measured levels at specific points within each
polygon. The size of the polygons increased with decreasing contaminant
concentrations. Soil gas concentrations were converted into total soil
concentrations using equilibrium partitioning equations (HydroGeoChem,
Inc.. 1989). The total estimated mass of contamination present in the
vadose zone is 45 kg (98 Ib) as indicated in Table 4-4 on page 4-25.
This is approximately 14 percent of the total mass of known
contamination at the site. Tetrachloroethene (PCE) accounts for over 90
percent of the vadose zone mass.

4222 Groundwater

The SCOCs for the groundwater were chosen based on historical ground-
water quality data collected from site monitoring wells since 1988.
Detected contaminants with the greatest frequency of results above MCLs
were chosen as SCOCs. February and July 1993 sampling results were
chosen as a basis for estimation of contaminant mass within each aquifer
and aquitard. A detailed discussion of the mass estimation is presented in
Appendix F(a), Mass Estimate for Groundwater Contamination.

100128F8.RDD (Dawvis RI/FS) 4.5




7 °
v FORMER
LOCATION OF
UNDERGROUND
. STORAGE TANKS
¥ »
R
4 ®
VA
P ~ . Id g ‘-\. .
V4 N . . N
i
" [ ]
| K X \

RDO1218_41
SAC28722 58

PO : “ .
NS s N
; R e N
SITE .~ : A I
PRODUCTION & 4. .~ AN RS
WELL ; & !

SCALE (Approximate)
e —
0 250 FEET

FIGURE 4-1

SITE BASE MAP

DAVIS GLOBAL COMMUNICATIONS SITE
McCLELLAN AIR FORCE BASE

YOLO COUNTY, CALIFORNIA

CHMHILL




B AQUIFER

TARGET AREA
- -+
[
®
LEGEND
& GROUNDWATER MONITORING WELL
~~ ™~ BAQUIFER TCE CONCENTRATIONS (ug/). 7/93 FIGURE 4-1a °
B AQUIFER TARGET AREA
DAVIS GLOBAL COMMUNICATIONS SITE
McCLELLAN AIR FORCE BASE
YOLO COUNTY. CALIFORNIA
[
R001412 400
50%5% 10
®
F




o
N
N
S °
~ MWC-13
. mwc2 Ong e
® no
EW-1C
ND§
| wes ) ®
. MWC-4
MWC-12 704 (1,1-DCE), : ND °
12
woe TR,
Eevac . 8
&2 . MWC-14
- 70
"Nﬂowgi’o ' C AQUIFER E
. ' ' TARGET AREA
. \i.;y‘;\ *
- ‘ S : PC-21 h -
) \_——/ 132 .
®
PC-22
&4 ®
Sa o " -
»’ - T T -
[
[
LEGEND
® GROUNDWATER MONITORING WELL
FIGURE 4-1b °
7"\ C AQUIFER TCE CONCENTRATIONS (pg)). 7/93 C AQUIFER TARGET AREA
DAVIS GLOBAL COMMUNIZATIONS SIT
MCCLELLAN AIR FORCE BASE
YOLO COUNTY, CALIFORNA/
®
RDD 1412 403
5055 1¢
®

.



MWD-1
ND

, «—— D AQUIFER
v 1N ( TARGET AREA

/ // .
,

© MWD-22
NO

LEGENO

& GROUNDWATER MONITORING WELL

FIGURE 4-1¢

7~ ™~ DAQUIFER TCE CONCENTRATIONS (ugn). 7/83 D AQUIFER TARGET AREA
* SAMPLES TAKEN DURING DRILLING DS L O AL CATIONS SITE
YOLO COUNTY. CALIFORNIA

QCLt412 ans
5085 1




&

N K
~ ’
N ,/
N L
- - L ’
s RN e
" - - e
FE hEN \\
: X TN 3 ‘\ N
— » e O
i s
3 ~ \\
e ~— .
T~ ™ SN
e \
T——— > \\
: S e N
N - N,
Ay
.......................... r
4708 4710
........ Vi (5]
.-"'Ch\
; A y
........ "L .
3 ;/ \
i H
: P H - : L
o FORMERAJNDERGROUND | e
... DIESEL TANKS LOCATION 4 S
NG ) v
e » SUNNL W W o
P et
e .\ \ - T e o P

R0OO1218_48
SAC28722 55

SCALE (Approxim.ate)
0 130 FEET

FIGURE 4-2
BASE MAP FOR VADOSE ZONE
TARGET AREA

DAVIS GLOBAL COMMUNICATIONS SITE
McCLELLAN AIR FORCE BASE
YOLO COUNTY. CALIFORNIA

CHMHILL




046
//—-~\\\\sus
\m // \\\
/ \\ \m
/ 6 san \\
! ?n \\
LN e \
! a1 ~ 030 \ \
l, ot 020 ‘:“ - \\
0 \
| ¢ < < e SR
o ST TR
I wls P sa1s \‘
« sad
‘I \m .\'.' \w\: ‘
! 0% m.\nu ‘ :
/ LN |
/ 2G04 m'
// * son \m \nu ]
// sars Qé”' \nw « Il
’/ \ e \m ‘\“ ;)" .\
A o o /
\\"“ a2 aQ sou //
\\______""S*_~_ __,/’
' O_m k
GENERALIZED LIMIT
OF DETECTED SOIL
GAS CONTAMINANT
LEGEND
O SOR GAS SAMPLE LOCATIONS
® GROUNDWATER MONITORING WELL
@ SOR VAPOR MONITORING WELL FIGURE 4-2a
VADOSE ZONE TARGET AREA
DAVIS GLOBAL COMMUNICATIONS SITE

McCLELLAN AIR FORCE BASE
YOLO COUNTY, CALIFORNIA

ROD1210_®




PG.YOONi PQYGON2
1.8 ' 1-8

610 6-10
; e & ’ has 57
2640 984 | 2640 621

Vo POLYGONO
6-10 10
11-26
26-40 021

LEGEND
— VA
"~ POLYGON 1 pRDOSE ZONE
15 0 NUMBER
. / 6-10 1.
— 125 0

2640 ' m—— to1ALVOC

DEPTH BELOW
GROUND / CONCENTRATION
SURFACE wo/Rg)

SOURCE. CH2M HiLL VOC Mass Estmate - Appenaix F

V01412 412
8068 19

GENERALIZED LIMIT
OF DETECTED SOIL
GAS CONTAMINANT

FIGURE 4-2b
POLYGON AREAS AND VADOSE
ZONE CONTAMINANT

CONCENTRATION ESTIMATES
DAVIS GLOBAL COMMUNICATIONS SITE
McCLELLAN AR FORCE BASE

YOLO COUNTY. CALIFORNIA




ND

RDO1364_ew1

SOIL GAS SAMPLE LOCATIONS
GROUNDWATER MONITORING WELL
SOR. VAPOR MONITORING WELL

SAMPLE RESULTS FROM SHALLOW SOiL
GAS SURVEY %1592-10/882

NON DETECT

FIGURE 4-2¢
VADOSE ZONE PCE CONCENTRATIONS

FROM 5 FEET BGS

DAVIS GLOBAL COMMUNICATIONS SITE
McCLELLAN AIR FORCE BASE

YOLO COUNTY, CALIFORNIA




+
°
¢ 9- w?
®
)
LEGEND
(O SO GAS SAMPLE LOCATIONS
®© GROUNDWATER MONITORING WELL
: ®
@ S0IL VAPOR MONITORING WELL FIGURE 4-2d
2 SAMPLE RESULTS FROM SHALLOW SOIL VADOSE ZONE PCE CONCENTRATIONS
GAS SURVEY 15/02-10/842 FROM 10 FEET BGS
DAVIS GLOBAL COMMUNICATIONS SITE
NOD NON DETECT McCLELLAN AIR FORCE BASE
YOLO COUNTY, CALIFORNIA o
RDO1384_42
[




°
4+ L
)
o
)
)
LEGEND
() SON GAS SAMPLE LOCATIONS
® GROUNDWATER MONITORING WELL
@ SOIL VAPOR MONITORING WELL : i
FIGURE 4-2¢
2 SAMPLE RESULTS FROM SHALLOW SOIL VADOSE ZONE PCE CONCENTRATIONS
GAS SURVEY 9/15/92-10/8%2 FROM 20 FEET BGS
DAVIS GLOBAL COMMUNICATIONS
200° SOIL VAPOR PIEZOMETER SAMPLE MoCLELLAN AIR FORCE BASE SITE
RESULTS 12/%2 YOLO COUNTY, CALIFORNIA o
ND  NON DETECT
RADO1384_403
®

_“



NO

ROO1384 494

SOIL GAS SAMPLE LOCATIONS
GROUNDWATER MONITORING WELL
SO VAPOR MONITORING WELL

SAMPLE RESULTS FROM SHALLOW SOIL
GAS SURVEY DECEMBER 1992

NON DETECT

FIGURE 4-2f
VADOSE ZONE PCE CONCENTRATIONS

FROM 30 FEET BGS

DAVIS GLOBAL COMMUNICATIONS SITE
McCLELLAN AIR FORCE BASE

YOLO COUNTY, CALIFORNIA




Table 4-4
Mass Estimates for the Vadose Zone (0 to 40 ft bgs)
Soil Depth Mass of Total VOC Mass of |Mass of {Mass of
Polygon [Area Interval  |Soil Volume |Soil Concentration [ VOCs VOCs [VOCs
No. () (ftbgsy |fth tkg) (ng/kg) (gr) tkg)  |(ib)
1 2.600 ()-5 13,000 334.000 20.46 10.93 .01 0.02
6-10 13.000 534.000 76.36 40.78 0.04 (.09
11-25 39.000) 1.603.000 40.29 64.53 (.06 0.14
26-40 39.000 1.603.000 983.77 1.576.98 [1.5%8 347
2 2.200 0-5 1 1.000 452.000 0.48 .22 (.00 (.00
6-10 11.000 452.000 638.31 288.52 0.29 0.64
11-25 33.000) 1.356.000 526.99 714.60 .71 1.57
26-40 33.000 1.356.000 621.30 842.48 .84 1.86
3 4.200 0-5 21.000 863,000 0.41 0.35 ().00) 0.00
6-11() 21.000 863.000 53.95 46.56 0.05 0.10
11-25 63.000 2.589.000 184.34 477.26 0.48 1.05
26-40 63.000 2.589.000 389.24 1.007.74 }1.01 2,22
4 1.500 0-5 7.500 308.000 183.04 56.38 0.06 0.12
6-10 75640 308.000 0.00 0.00 0.00 0.00
11-25 22,500 925.000 425.33 393.43 0.39 .87
26-40 22.500 925.000 557.13 515.35 (.52 1.13
5 6.100 0-5 30.500 1.253.000 3.80 4.76 0.00 0.01
6-10 30.500 1.253.000 96.97 121.50 0.12 0.27
11-25 91.500 3.760.000 6.02 22.64 0.02 .05
26-40 91.500 3.760.000 1.21 4.55 0.00 0.01
6 25,8000 [0-5 129.000 5.301.000 6.51 34.51 0.03 0.08
6-10) 129.000 5.301.000 58.61 310.69 0.31 .68
11-25 387.000 15,902,000 |18.19 289.26 0.29 (.64
26-40) 387.000 15.902.000 _]557.10 8.859.00 [8.86 19.5
7 7900 [0-5 39,500 1.623.000 149.34 242.38 .24 ().53
6-10) 39,500 1.623.000 32.56 52.84 0.05 0.12
11-25 118.500 4.869.000 0.00 0.00 0.00) 0.00
26-40) 118500 4869000  [557.10 271252 1271 597
¥ 53.500  {0-5 267.500 10,992,000 10.00 0.00 0.00 0.00
6-10) 267.500 10,992,000 8.29 91.12 0.09 .20
11-25 802.500 32.976.000__10.00 0.00 0.00 0.00
26-40) 802.500 312,976,000 _|557.10 18.370.93 118.37  |40.5
9 15000 10-5 75.000 3.082.000  10.00 0.00 0.00 0.00
6-10) 75.000 3.082.000 9.53 29.37 0.03 0.06
11-25 225,000 9.245.000 1.80 16.64 0.02 (.04
26-40 225.000 9.245.000 _ [62i.30 574392 [5.74 12.6
10 4,300 0-5 21,500 883.000 0.00 0.00 0.00 0.00
6-10 21.500 883.000 26.98 23.82 0.02 0.05
11-25 64.500 2.650,000 0.00 0.00 0.00 0.00
26-40) 64.500 2.650.000 _1621.30 1.646.45 [1.65 3.63
11 8. 16 ()-5 40.500 1.664.000 .00 0.00 0.00 0.00
6-10 40.500 1,664.000 0.69 1.15 0.00 0.00
11-25 121.500 4993000  [0.00 0.00 0.00 0.00
26-40) 121,500 4,993,000 1.21 6.04 0.01 0.01
Totals {131,200 215,646,000 (8,037.01 44,620.25 |44.62  198.3

O+ users daempedavman TAB4-4DE XIS

4-29°




Estimating the mass of contaminants in the saturated zone requires (wo
basic data sets:

. Data on the physical characteristics of the aquifers and aqui-
tards of interest (e.g.. area. thickness, porosity. soil density.
tfractional organic carbon content (f_]).

. Data on the contaminant characteristics in the aquiters of
interest (e.g.. contaminant concentration, contaminant distri-
bution. water-organic carbon distribution coetficient [K ).

To estimate the muss present, each aquifer target area was subdivided into
polygons. The polygons were centered around monitoring well locations
within the aquifer of interest. Contamination is present in two forms:
dissolved in the groundwater and sorbed onto the aquifer or aquitard
materials. The aqueous concentration data were used to estimate the
amount of sorbed contamination using equilibrium equations. The mass
of contamination was estimated for cach polygon within each aquifer.
The aquitard contamination was estimated using an average of the
aqueous concentration from the aquifer above and below the aquitard.
The area of the aquitard was assumed to equal the area ot the underlying
aquifer.

Table 4-5 on the following page gives the estimated mass of contamina-
tion per SCOC for each aquifer and aquitard. The total estimated mass of
contamination in the saturated zone is 280 kg (617 1b). PCE. tri-
chloroethene (TCE). and 1,1-DCE account for more than 88 percent of
the total mass present in the saturated zone beneath the site.  Almost 85
percent of the total mass is present above the C-D aquitard beneath the
site.

4.3 Fate and Transport

4.3.1 Contaminant Properties

Chemical and physical properties of the SCOCs govern the fate and trans-
port of each compound. The potential for contaminants to migrate in the

vadose zone and groundwater depends primarily on the following
properties:

Chemical

J Vapor pressure

. Solubility in water

. Oreanic carbon partition coefficient
. Henry’s constant

. Inorganic sorption
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Table 45

Groundwater Mass Estimate (kg)

SCOC A-B [B [Bc Jc [ o DE | E
Dissolved
Tetrachloroethene (PCE) 10.50 11.20 6.10 0,40 0.70 1.0 1.0 0.00
Trnchloroethene (TCE) 7.830 %.30 6.10 4.30 4.1 7 1.50 .10
1.1-Dhchloroethene 210 2.20 1.3 20 15% 72 2 0.00
Benzene 0.02 0.02 .03 0.00 0.00 10.00 (L) (.00
Vinyl Chlonde 1.30 140 1.70 0.00 0.00 0.00 0.00 0.4K)
I.1-Inchloroethane (.00 [$RE11 0,00 0.00 .00 .00 (.00 .00
t.2-Inchloroethene 6.90) 7.30 410 0.80 0.70 0.40 0.30 0o
Total (kg) 28.62 3043 2933 28.50 21.30 1230 270 0.10
Total (Ib) 63.11 67.10 64.67 62.84 46.97 27.12 12.57 0.22
Percent of Total 0.18 0.19 0.19 0.18 0.14 0.08 0.04 0.00
Sorbed
Techrachloroethene (PCE) 25.00 37.00 143 (LO6 0.80 1.3 (150 (LtH)
Trnchloroethene (TCE) 6.30 9.40 5.0 20 1.7 16 .60 N
1.1-Inchloroethene 0.90 1.30 2.1 25 1.5 0.7 0.3 ALy
Benzene 0.01 0.01 0] 0.00 .00 (.00 .00 0K
Vinyl Chlonde 0.07 0.09 0.0% 0,00 000 .00 000 iy
1.1-Inchloroethane 0.00 0.00 0.00 0.00 000 (L0 0 e
1.2-Ihchloroethene 2.60 .50 1.4 420 0o 0.06 0.0% 0K
Total (kg) 3488 5130 22.89 530 4.1 l.66 1458 0.03
Total tlb) 76.91 113.12 5047 1169 9.04 8.07 .20 007
Percent of Total 028 0.42 0.19 0.04 0.03 0.03 0.01 0.0
Contaminant Summary

Percent of Percent of Total { Percent of Total
Contaminant Dissolved Sorbed Total Total Mass Dissolved Mass Sorbed Mass
Tetrachlorothene (PCE) .90 79.5 110.4 0.394 019y 0643
Tnchlorothene (TCE) 35.90 26.6 628 0.223 0231 1218
1.1-Drchloroethene 64.5 9.3 738 0.264 n41? 0078
Benzene 0.07 0.03 0.10 0.000 0.000 0.000
Viny! Chlonde 4.40 0.24 464 0017 0028 0.0612
1.I-Dichloroethane 0.01 0.00 0.01 0.000 0.000 0.000
1.2-Ihchloroethene 20.50 791 284 0.102 0.13] 0064
Total (kg) 156.3 123.61 28.0 1.000 1.000 1.000
Total (Ib) 344.64 272.56 617.40
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Physical

. Organic carbon content of the soil
. Moisture content

. Porosity

. Bulk density

. Hydraulic gradient

. Water flux in the vadose zone
. Average interstitial groundwater velocity in the saturated
zone

4.3.1.1 Chemical Properties

The values of each of the chemical properties for the SCOCs are given in
Table 4-6. The following paragraphs summarize the importance of each
of the chemical properties when considering potential contaminant move-
ment.

Table 46
Chemical Properties of SCOCs
Organic Carbon

Vapor Water Partition Henry's

Pressure Solubility (mg/ Coefficient Constant
SCOC (mm Hg) @ 20° C) (cm®/gm) (atm m*mole)
PCE 14 150 364 0.0227
TCE 59 1,000 126 0.0089
1.V DCE S0 400 65 0.154
Benzene 76 1,780 65 0.0054
Vinyl Chlonde 2,300 1.100 8 0.695
1.1-DCA 180 5.500 30 0.0057
trans-1.2-DCE 265 6,300 59 0.0066
‘Schwille, 1988.
Source: EPA, 1990.

Vapor Pressure. The vapor pressure of a given substance is the partial
pressure of vapor in equilibrium with a pure liquid at a given tempera-
ture. It indicates the volatilization potential of a compound. The higher
the vapor pressure, the more likely the compound will enter the vapor
phase. Of the SCOCs. vinyl chloride has the highest vapor pressure at
standard temperature. The vapor pressure is more of an important consid-
eration when contamination has been identified to exist in a free phase
liquid form (dense nonaqueous phase liquids [DNAPLS]). The presence
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of DNAPLS has not been confirmed at the Davis Global Communications
Site (Davis Site).

Solubility in Water. The water solubility indicates the maximum con-
centration that can be attained at 200 degrees C when cach compound is
dissolved in water. The solubility limit 18 an important consideration in
contaminant transport via groundwaler or pore water in the vadose zone
because it dictates the amount of contwninant found in solution and
whether DNAPLs will exist. Ot the SCOCs, 1.2-dichloroethene (DCE)
has the highest solubility in water. and PCE has the lowest solubility.

Organic Carbon Coefficient (K,). The organic carbon partition
coefticient indicates the sorption capacity of the compound to the organic
carbon in the soil matrix and therefore its potemial for movement during
contaminant transport. The higher the K. the more the compound is
adsorbed to a given amount of organic carbon exchange sites in the soil
matrix and the less is available for transport. Of the SCOCs. PCE has
the highest K value, and vinyl chloride has the lowest value.

Henry's Constant. The ability of a compound 1o volatilize from water
depends on its Henry's constant. The higher the Henry's constant, the
more a compound is likely to volatilize from contaminated groundwater
or pore water and move into the soil-gas-tilied pores of the vadose zone.
Of the SCOCs, vinyl chloride has the greatest ability to volatilize from
water while 1.1-dichloroethane and benzene have the lowest ability to
volatilize. Volatilization can lead to contamination of the soil and sotl
gas above contaminated groundwater.

Inorganic Sorption. In the absence of a significant organic carbon con-
tent in aquifer material, mineral surfaces may exist that are exposed
directly to the solution rather than being coated with an organic carbon
film. These surfaces have some capacity for adsorbing contaminants.
The amount of surface area available for adsorption is an important vari-
able in determining the sorption capacity. Relatively small amounts of
clay minerals in an aquifer material can account for a significant propor-
tion of a material’s surface area because of the small size and the sheet
structure of the clays. Different clay minerals have different unit surface
areas. Kaolinitic clays have surface areas on the order of 10 m¥/g. while
micas and chlorites have about 100 m?/g. and montmorillonitic clays can
have as much as 800 m%/g.

4.3.1.2  Physical Properties

The physical properties of the vadose zone (and several of the saturated
zone) were measured during the remedial investigation. Table 4-6 gives
the range of values for the measured physical properties. Hydraulic
gradients for the saturated zone and interstitial pore velocity were
excluded from Table 4-7 because they vary from season to season and
between different aquifers.
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Table 4-7

Physical Properties at Davis Site

Physical Property Range of Values

Orgamc Carbon Content, £ O.0KK7 to 0.0629

Maossture Content (4%) 0.15 10 0.25

Parosity 4% .38 10 0,39

Bulk Density tgm/em'y 1410 1.55
4.3.2 Transport Mechanisms

The ability of contaminants to migrate in the vadose zone depends on the
chemical and physical properties listed above. However. contaminant
transport in the vadose zone most likely occurs through one of four
mechanisms:  liquid advection. sorption/desorption aided by fluctuating
groundwater. gaseous diffusion. and volatilization. These mechanisms are
discussed in more detail in Appendix H. Analysis of Vadose Zone
Contamination Impacts. The ability of contaminants to migrate in the
groundwater flow system depends primarily on the rate of groundwater
movement. The mechanisms are discussed in the following paragraphs.

4.3.2.1 Liquid Advection

Liguid advection is the process of water in the vadose zone percolating
downward to the water table. The rate of advection is governed by the
recharge rate and residual water content of the vadose zone. Preferential
pathways within the vadose zone will tend to concentrate both liquid and
vapor flow and reduce transport times to less than those predicted from
bulk soil propertics. During drilling of the SVMWs, macropores were
discovered to exist in the soil matrix dominated by clay. A macropore is
defined as a large-diameter pore space (typically several orders of magni-
tude larger than average pore size) extending either horizontally or verti-
cally within the soil matrix. Macropores were created by the decay and
disintegration of plant material that was covered by fluvial deposition
during periods of flooding of the historic Putah Creek channel, Preferen-
tial advectuve flow typically occurs through macropores. It appeared that
flow through these macropores was occurring. Most of the macropores
were noted in the area of the former underground fuel tanks and residual
petroleum hydrocarbon contamination was discovered in the macropores
(see Appendix Q. Lithologic and Geophysical Logs).

4.3.2.2 Sorption/Desorption

Sorption/desorption is the process by which contaminant mass is
exchanged between the liquid phase and the solid phase. This may be a
dominant mechanism for contaminant transport at the Davis Site at the
vadose zone/saturated zone interface. Because of the seasonality of a
portion of the vadose zone where residual contamination exists, rising
groundwater levels have the potential to facilitate contaminant desorption
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from the soil. Once the contamination transforms to the aqueous phase, it
has the potential to move laterally with the moving groundwater.

4.3.2.3 Gaseous Diffusion

Gaseous diffusion is the transfer of contaminant in the gas phase into
adjacent cells driven by a concentration gradient. This can be a dominant
transport mechanism in areas of low surface recharge and extensive
vadose zones. It likely plays a less active role in subsurface contaminant
transport at the Davis Site in comparison to liquid advection and sorption/
desorption.

4.3.2.4  Volatilization

Volatilization is the process by which contaminant mass is exchanged
between the liquid phase and the gaseous phase. The direction and
magnitude of this exchange are estimated by Henry's constant. This
probably plays a minor transport role at the Davis Site.

4.3.3 Vadose Zone Transport

Downward vadose zone contaminant transport is dominated by liquid
advection at the Davis Site (see Appendix H). Therefore, the water
solubility and K. play an important role in the potential for contaminant
transport. The future impacts to groundwater based on existing soil gas
contamination were estimated using a one-dimensional finite difference
computer model called VLEACH (Appendix H). The data presented in
Table 4-2 show that the vadose zone contaminant mass is dominated by
PCE. Therefore. only the PCE concentrations were input into VLEACH
to estimate the mass of contamination moving to the groundwater over
fime.

Approximately 45 percent of the contaminant mass estimated for the
vadose zone is found between 26 and 40 feet bgs (see Figure 4-3).
Because of this distribution of mass, the initial contaminant loading to the
groundwater is the highest. The initial PCE loading to the groundwater is
estimated at 450 grams/year (g/yr). This loading exponentially decays
over time to a value of approximately 20 g/yr after 200 years.

The impact to groundwater of this loading was calculated by estimating
the groundwater underflow beneath the site and then performing mixing
cell calculations to determine the concentration of PCE in the ground-
water over time. The initial PCE concentration in groundwater was set
equal to zero. The maximum incremental impacts to the groundwater
from the PCE residing in the vadose zone ranged from 20 pg/l to 80 pg/l
after 30 years. These values are above the groundwater MCL for PCE of
S ugll. The PCE remains a source of contamination for over 200 years.
Therefore, the mass of PCE contamination that now resides in the vadose
zone is a significant long-term threat to the groundwater quality beneath
the Davis Site.

Figure 4-4 is a schematic flow chart of the potential VOC transport at the
Davis Site. The schematic outlines the fate and transport of a PCE- or
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TCE-free product spill at the ground surface and tollows potential path-
witys to the groundwater. The schematic provides a conceptual under-
standing of the dominant transport mechanisms available at the site. It s
also o hasis tor understanding and explaining the occurrence of the
measured soil gas and aqueous phase concentrations of the SCOCs
beneath the site. This schematic complements the interpretation of the
contaminant data on the cross-sections provided at the end of this chapter.

Figure 4-5 shows some of the possible pathways that PCE and TCE can
be degraded by chemical and biological processes. Figure 4-4 presents
the equilibrivm partitioning of PCE and associated breakdown products in
the vadose zone and groundwater based on the chemical properties pre-
sented in Table 4-5. In Figure 4-4. the higher the degree of shading. the
higher the percentage of a given mass of compound is likely to exist at
equilibrium in that form. The thickness of the arrows indicates the
dominant transport pathway or mechanism.

Following the PCE pathway in Figure 4-4_ it is seen that as free product
enters the vadose zone, most of the PCE will reside as sorbed to
exchange sites on the soil. This is driven by the relatively low solubility
of PCE und relatively high K .. At equilibrium in the vadose zone,
approximately 75 percent of the original mass of PCE will reside in the
sorbed phase while the remaining mass will reside as either soil gas, free
product. or be dissolved in pore water. This is consistent with the soil
gas sampling results where PCE mass dominates the vadose zone contam-
Inant mass.

Movement of the PCE contamination within the vadose zone is dominated
by liquid advection to the groundwater. Once in contact with ground-
water. sorption/desorption is the primary mechanism for transport.
Groundwater level fluctuation plays a major role in contaminant move-
ment at the site because of the sorption/dc sorption process that takes
place at the groundwater/vadose zone interface. Without the seasonal
fluctuation. it is likely that more contamination would still reside in the
vadose zone,

Figure 4-4 also illustrates how this transport process could be completed
with TCE and 1.1-DCE. It is obvious that the transport or transformation
of contamination within the subsurface is dependent on subsurface condi-
tions. PCE. TCE, and 1,1-DCE account for over 97 percent of the
vadose zone contaminant mass in the site soil gas (see Table 4-3) with
PCE accounting for over ) percent of the mass. Within the site ground-
water. PCE, TCE, and 1,1-DCE account for 85 percent of the contamina-
tion with PCE accounting for over 56 percent of the mass.

The type and volume of the source of contamination at this site is
unknown. Therefore, it is unknown if the presence of PCE and TCE
degradation products like 1.1-DCE. 1.2-DCE. and vinyl chloride are the
result of chemical or biodegradation within the subsurface or representa-
tive of the compound’s movement from a vadose zone source area to the
groundwater. Biodegradation potential within the groundwater is dis-
cussed in Appendix N, Natural Biological Groundwater Attenuation, and
will he discussed later in this chapter.
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4.3.4 Groundwater Transport

The abihty of contaminants o migrate in the groundwater tlow svstem
depends primcirily on their extent of adsorption (dlustrated in Figure 4-4).
The Ko of a compound gives an indication of the sorptive tendeney ot o
compound. Ttis assumed that organic carbon is the primeary adsorbent in
the subsurtace medi, For subsurtace matertals with low organic carbon
content. signtticant adsorption by subsurtace minerids is also possible.
Acvording o the K | values, vinvt chilande s the most mobile compound
at this site. while PCE s the least mobile.

The mass ot contaunination within cach subsurtace zone beneuth the
Danvis Site is presented in Tuble 4-5. The mass of contamination in the
vroundwater accounts tor over X6 percent of the total estimated site con-
tunmation. . Dissolved contaminant concentrations trom: groundwater
samples tiken during February and July 1993 are shown in the cross-
section tigures at the end of this chapter and are the hasis of the mass
estimates. The cross sections aid in the understanding of the mechanies
of contaminant flow potential beneath the site.

The contaminam transport pathwiays bencath the Davis Site are driven by
the tollowing physicd properties:

. Varyving horizontdd and vertical gradients
. Varving tlow directions

. Fluctuating groundwater levels

. Locali, ed aguiter heterogeneities

The direction ot contaminant flow will typically mirror the groundwater
flow direction. Horizontal and vertical gradients are steepest during the
summer months beneath the site. For this reason, the quantity of ground-
water Tow and dissolved contamination is highest during this time period.
Within the B and C aquiters, the flow direction is generally southerly (it
ranges trom southwest to southeast) during the summertime.  During the
winter months, the groundwater flow direction varies trom southwest to
northwest with the gradient being up to an order-of-magnitude less than
that duning the summer. Therefore. contaminant movement during winter
months is less than during summer months.

Contaminant movement is typically slower than bulk groundwater tlow
heciause of retardation of contaminant flow by adsorption and other physi-
cid and chemical processes.  Assuming that contunination within the
sroundwater moves at the same rate as groundwater would typically
overestunate the rate of contaminant movement.

4.3.4.1 Concentration Changes

Concentration versus time plots wre presented in Figures 4-6a through
4-6h. The plots present the historical contaminant concentration data tor
the detected SCOCs tor Wells MW-1, MW-3 MW.5, MWC-12,
MWD-12, MWC-3, MWD-3, and MWD- (). Other time series plots are
presented in Appendix E. Concentration versus time plots for all wells
using a log scade for concentration are provided in Attachment | of the
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levels ot SCOCs over time, Groundwater clevations are presented on the
figures to examine any trends associated with rising and falling ground-
water levels.

The initial groundwater sampling from these wells showed concentrations
in excess of 1,000 pg/Ml. TCE concentrations after the initial sampling

(3 months later) decreased by at least threefold from the initial sampling.
The reason for this decrease is unknown. The initial TCE concentrations
were not used in the mass estimate comparison between 1988 and 1993,

To investigate the change in dissolved contaminant mass over time in the
B aquifer, the mass of contamination within the B aquifer was estimated
using May 1988 and February 1993 sampling results tfrom Wells MW-1
through MW-¥. The results of the contaminant mass comparison are
shown in Table 4-8. The results show that the dissolved mass of con-
tamination within the B aquifer in 1993 is about half of the total mass
present during May 1988, Samples from Wells MW-1 and MW-5
showed the greatest decrease in mass while samples from Well MW-3
showed the only increase in contaminant mass. Well MW-3 is down-
gradicnt from Well MW-5 during most ol the year. The increase in
contaminant mass in this well probably represents contaminant movement
by means of groundwater flow at the site.

Only the B aquifer mass was estimated for 1988 because of the longer
period of historical data for this zone when compared to the C and D
aquifers at the site. Contaminant concentrations within the C and D
aquifers have increased since monitoring wells were installed in 1991,
Groundwater from Monitoring Wells MWD-10 and MWD-12 is becoming
more concentrated with TCE over time. Levels of TCE contamination
within the C aquifer are higher than those in the D aquifer.

One reason for the increase in contamination in the C and D aquifers is
because of vertical contaminant movement beneath the site. Careful
exainination of cross-sections B-B' (Figure 4-10) and H-H' (Figure 4-16)
reveal a potential conduit for contaminant movement between the shallow
more contaminated groundwater and the underilying more transmissive C
and D aquifers. The zone of highest contamination is found in the
vicinity of Wells MW-2, EW-1B. and MW-3. This area seems to have
the greatest thickness of B aquifer materials and contamination may tend
to concentrate in this area. During summer months when horizontal and
vertical gradients are greatest. contamination from the B aquifer moves
southerly and downward to a transmissive zone in the C aquifer in the
vicinity of MWC-3 where it intersects the upper reaches of the D aquifer.
From this point, it reaches the more transmissive D aquifer and spreads
laterally and downward to the E aquifer.

Horizontal gradients within the B and C aquifers favor this southerly

movement while steep downward gradients exacerbate the spread of con-
tamination. The outcome is continued movement of contaminated
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Table 4-8

Comparison of May 1988 and February 1993 Dissolved VOC Contamination

VOC Concentration (pg/l)

RDDINNIZDAT.WPS (Davis RI/FS)

MW-} MW-2 MW.-3 MW-4

May Feb May Feb May Feb May Feb
Compound 1988 1993 1988 1993 1988 1993 1988 1993
Tetrachloroethene 70.00 R.10 S2.00 34.00 98.00 170.00 000 (12
Tri.tloroethene LLOO0.00 | 27.00 310.00 1801.00) 140.00 350.00 630 4.90
1.1-Dachloroethene 25.00 2.80 48.00 24.00 12.00 49.00 0.60 0.00
Vinyl Chlonde 250.00 7.50 0.00 0.00 0.40) 82.00 0.00 (1L.00
1.2-Drchloroethene 37.00 24.(40) 53.00 30.00 74.00 410.00 0.30 041
Total VOCs 138200 | 69.40 463.00 | 268.00 | 334.00 LO61.00 | 7.20 543
Area 20,088 20,088 21,700 21.700 24.790 24,790 8.167 8.167
Porosity ).40 0.40 .40 0.40 0.40 0.40 0.40 .40
Saturated Thickness | 45.00 SO.00 45.00 S0.60 45.00 50.00 45.00 50.00
VOC Mass (kg) 14.14 0.79 5.12 3.29 422 14.89 0.03 0.03
Total Mass (kg) 61.60 31.92

MW-5 MW-6 MW.7 MW-§

May Feb May Feb May Feb May Feb
Compound 1988 1993 1988 1993 1988 1993 1988 1993
Tetrachloroethene 1.400.00 | 350.00 1.90 .60 14.00 6.70 0.30 0.33
Trichloroethene 16.00 37.00 12.00 6.70 63.00 70.00 20.00 16.00
1.1-Dichloroethene 120.00 53.00 0.00 0.00 29.00 7.00 10.00 2.70
Vinyl Chloride 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.2-Dichloroethene 1.50 0.00 0.00 0.00 18.00 24.00 5.50 2.60
Total VOCs 1.537.50 | 440.00 13.90 8.30 124.00 107.70 35.80 21.63
Area 46,805 46,805 14,222 14,222 16,722 16,722 15.167 15.167
Porosity 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
Saturated Thickness | 45.00 50.00 45.00 50.00 45.00 50.00 45.00 50.00
VOC Mass (kg) 316.66 11.66 0.10 0.07 1.06 1.02 0.28 .19
Total Mass (kg)
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groundwater outward and downward from the groundwater source area
around Wells MW-2 and MW-3,

4.3.5 Natural Biological Attenuation Potential

The groundwater quality data were reviewed for evaluation of natural
biological attenuation of VOCs. A detailed discussion of this evaluation
is presented in Appendix N. The data were analyzed for significant
changes in concentrations over time that might be caused by biotransfor-
mation. The analyses indicate that insufficient data are available for a
thorough evaluation, but the following conclusions were derived:

. Biotransformation in the form of anaerobic dehalogenation
may be occurring in the vicinity of soil gas Monitoring Well
CH-S. This process may be a source of vinyl chloride to the
groundwater in the B aquifer.

. It is unlikely that a significant portion of the decreases
shown by the concentration versus time plots can be
accounted for by aerobic transformation.

Further sampling for byproducts of anaerobic dehalogenation (ethene and
ethane in the soil gas and in the groundwater) will help determine if vinyl
chloride is being dehalogenated to less hazardous compounds. Measure-
ment of O,, CO,, CH,, and H in the soil gas would also help determine
the natural biological processes occurring in this area. However, soil gas
sampling should be coordinated with the ongoing bioventing study to
determine the effects of increased oxygen in the subsurface.

4.3.6 Conceptual Model Development

Figure 4-7 shows the conceptual model for the site. The conceptual
model is viewed as the end product of the data interpretation for the site.
The conceptual model shows potential and probable contaminant path-
ways throughout the subsurface of the Davis Site. It is a schematic
representation of the existing VOC and petroleum hydrocarbon contami-
nant mass. The hydrogeologic interpretation for the conceptual model
was based on data presented in the site cross sections (Figures 4-7
through 4-17) found at the end of the chapter.

The conceptual model illustrates the presence of vadose zone contamina-
tion near the northeast boundary of the fenced compound and near Soil
Vapor Monitoring Well CH-5. It also illustrates the shallow groundwater
contaminant mass concentrated in the thickest portion of the B aquifer
near EW-1B and how that contamination has spread downward and
outward from this B aquifer source area to the C, D, and E aquifers.

The total contaminant mass beneath the site is an uncertain quantity.
Estimates of the total mass were based on measured values and published
references. While an accurate estimate of the contaminant mass is impor-
tant, the distribution and movement of contamination will dictate remedial
actions. The conceptual model illustrates the most important concern—
contaminant movement into the regional aquifers.

100 28F8.RDD (Dawvis RI/FS) 4-49
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Chapter 5 Problem Definition

This chapter presents a summary of the risk assessment, a description of
ARAR compliance, and required cleanup levels for contaminants in each
media. The risk asscssment is based on health-based risk standards and
regulatory guidelines for maximum contamination levels, as applied to the
understanding of site hydrogeology and nature and extent of contamina-
tion described in Chapter 3 and 4, respectively.

N

1 Preliminary Risk Assessment

The preliminary risk assessment for the Davis Site used information
developed through the remedial investigation (RI) to achieve the
following-

. Identify potential chemicals of concern at the site.

. Identity potental exposurce pathways from the chemicals of
concern to human and ecological receptors.

. Esumate chemical concentrations that receptors could
become exposed to through the identified potential exposure
pathways.

. Esumate chemical intake rates through the identified

potential exposure pathways,

. Characterize potential risks to humans and wildlife
associated with estimated intake rates.

This preliminary risk assessment was based on a reasonable maximum
exposure (RME) scenario and was developed in accordance with appli-
cable federal, state, and Installation Restoration Program (IRP) guidance.
In developing the RME scenario. the preliminary risk assessment used
conservative assumptions that estimated exposures to site contaminants
well above average exposure levels, but still within the range of possible
exposures.  The assumptions, methods, and data used in the preliminary
risk assessment are presented in a Risk Assessment Report prepared con-
current with this report. This section summarizes the findings and
conclusions from the preliminary risk assessment.

Contaminants of concern that were evaluated in the preliminary risk
assessment were volatile organic compounds (VOCs) detected in soil gas
and groundwater. and petroleum hydrocarbons and polynuclear aromatic
hydrocarbons detected both in subsurface soil and in stockpiled soils.
Generally. exposures to these contaminants were based on the highest

RDDIOOT2KSY WS (Davis RIES) 5-1

Exposure scenarios include inhalation

of VOCs from soil water and ingestion
or dermal contact with contaminants in
excavated soils.




concentrations detected at the site. Exposure scenarios developed to eval-
uate risks to human health considered onsite workers potentially exposed

by inhalation of VOCs emitted from soil gas or groundwater from the site
production well, dermal contact with VOCs in groundwater, or soil inges-
tion and dermal contact with contaminants in excavated soils. Figure 5-1

shows a schematic diagram of the potential exposure scenarios.

Because of zoning restrictions in Yolo County, the site is not likely to be
used for residential housing in the event of a change in mission of the
facility. However, at the request of regulatory agencies, a hypothetical
residential exposure scenario was evaluated, involving ingestion, inhala-
tion, and dermal contact with VOCs detected in groundwater monitoring
wells. Ecological resources potentially at risk are limited. However,
there are two special status species that could use certain features of the
site; these are Swainson’s hawk and burrowing owl. Certain remediation
activities could result in small losses in foraging habitat for Swainson’s
hawk. Burrowing owls using the stockpiled soils for nesting could
potentially become exposed to petroleum hyd-ocarbons detected in the
soil. With minimal dilution and ventilation in the burrows, hydrocarbon
contaminants in the soil could reach equilibrium concentrations in air,
resulting in potential inhalation exposures. In addition, two species of
rare and endangered plants have been identified northeast and southwest
of the fenced compound area: Colusa grass and Solano grass. However,
these areas are not expected to be affected by remedial activities.

Estimated health risks to humans are summarized in Table 5-1. The
Environmental Protection Agency (EPA) generally considers action to be
warranted at a site where cancer risks exceed 1 x 10 or a noncancer
hazard index exceeds one. Risks falling in the 1 x 107 to 1 x 10°® range
may or may not require action, and are judged on a case-by-case basis.
Risks less than 1 x 10 typically are not of concern to regulatory
agencies. The results from the preliminary risk assessment indicate that
some action may be required to reduce risks to human health associated
with contaminants in groundwater. However, there are significant
uncertainties in the risk estimates associated with contaminants in the site
production well. Additional monitoring from the site production well
may be warranted to better evaluate the presence and concentrations of
ethylene dibromide (EDB) and trihalomethanes (such as chloroform) in
water.

Diesel hydrocarbon concentrations in some samples from the stockpiled
soils exceeded an ecological benchmark level for inhalation exposure,
suggesting the presence of some risks to burrowing owls. Significant
uncertainties are associated with the estimation of ecological exposures
and with the benchmark level development. The ecological risk assess-
ment tends to overestimate the risks associated with petroleum hydro-
carbons in soil. However, the soil piles do not represent significant
habitat and could be removed or graded with insignificant impacts to owl
populations.

RDD10012859.WPS (Davis RI/FS) 5-2
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burrowing owl.
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5.2 Compliance with ARARs

The alternatives discussed in this Remedial Investigation/Feasibility: Study
(RIZFS) are required to attain cleanup standards and/or standards ot
control of hizardous substances which comply with applicable or relevant
and appropriate requirements 1ARARs). These requirements include
tederal environmental laws and more stringent state laws. Tocd roguta-
tions and guidelines must wso be identticd. Table 522 0s o listing of the
regulatory requirements included in the dentification ot potential ARARs,

ARAR- are divided into three categories: chemical-specitic. location-
spectfic. and action-specific requirements. The chemical-specitic ARARS
tor the Davis Site groundwater remedial actions define the concentration
levels for contaminant: in groundwater that trigger a problem and define
concentration fevels required tor satistactory treatment and end-use com-
ponents tor treated groundwater. Currentiy. no federal or state chemical-
specitic cleanup criteria exist tor soil or soil gas, The location-specitic
ARARS relate to the geographical or phyvsical location of the site. and the
action-specitfic ARARs are requirements that detine accepiable treatment
and disposal procedares tor hazardous substances, Appendix G. ARAR«y
Analvsis, discusses potential ARARy identitied tor the Davis Site,
mncluding two endangered grass species. Colusa iand Solano.

The ARARS developed in this RIFS are prehminary. Final ARARs will
be developed and selected only after consideration ot site-specific
conditions: the results of risk assessment: negotiations with the agencies;
and the evaluation of remedial actions such as extraction, treatment. and
engineering controls o protect public health and the environment.
ARARy identification will eventually be documented in the RAP.

5.3 Cleanup Goals for Each Medium

The cleanup goals selected tor both the vadose zone and the groundwater
includes restoring levels to background conditions.  These cleanup goals
were established by the Regional Water Quality Control Board (RWQCB)
and Department of Toxic Substances Control (DTSC) during meetings
with CH2M HILL and McClellan Air Force Base (McClellan AFB) in
June 1993, For groundwater. this translates to a contuninant level of
helow detection. or <0.5 pg/l. for most constituents.

A cleanup goal is a target level that is both technically and cconomically
attaunable, but may not be achieved. Acceptable levels of cleanup are
usually based on risk and may not he ax stringent s the background
condition cleanup goal. Risk-based cleanup goads may prove to be more
teasible cconomically. but still capable of achieving defensible cleanup
levels,

RDDIOOI2%80 WS (Davis RIFS S-S




Table 5-2

Federal and State Requirements Included in the Identification of Potential ARARs

Federal Requirements

1.

Resource Conservation and Recovery Act (RCRA)

Y

Clean Water Act (CW )

3

Safe Dnnking Water Act (SDWA)

4. Clean Air Act (CAA)

5. Comprehensive Environmental Response. Compensat.on, and Liability Act (CERCLA)
6. Superfund Amendments and Reauthorization \cl. (SARA

7. National Archaeological and Historic Preserva::. Act

8. National Historic Preservation Act

9. Endangered Species Act

10. Wildemess Act

It Fish and Wildlife Coordination Act

12. Scenic Rivers Act

13. Coastal Zone Management Act

14 Manne Protection Resources and Sanctuary Act

15. Executive Order on the Protection of Wetlands

16. Executive Order on the Protection of Flood Plains

17. Federal Insecticide. Fungicide, and Rodenticide Act (FIFRA)
18. Toxic Substances Control Act (TSCA)

19. Occupational Safety and Health Act (OSHA)

20. Standards for Transportation of Hazardous Wastes

State Requirements

Californsa Regional Water Quality Control Board Standards (RWQCB)

-
-

California Code of Regulanons (CCR)

3. State Water Resources Control Board (SWRCB)

4. Califormia Air Resources Board (CARB)

S. Hazardous Waste Control Law

6. State Superfund

7. Califoria Endangered Species Act

8. Califoria Fish and Game Code Sections

9. Department of Health Services Office of Drinking Water (DHS)
10. Yolo-Solano Air Pollution Controf District Rules and Guidelines

Yolo County Department of Environmental Health Guidelines

Porter-Cologne Water Quality Controi Act

RDDI0012859. WPS (Davis RIFS) 5-6




Chapter 6 Feasibility Study

This chapter evaluates different remedial alternatives that could be used to
clean up the vadose zone and groundwater contamination. The remedial
alternatives are evaluated based on current understanding of the site
hydrogeology and nature and extent of contamination presented in
Chapters 3 and 4.

The tollowing three remedial response objectives have been developed by
the California Regional Water Quality Control Board RWQCB). the
Department f Toxic Substances Control (DTSC). and McClellan Air
Force Base (McClellan AFB) for the Davis Global Communications Site
(Davis Sitwe):

. Reduce or eliminaie levels of subsurface contamination that
posc a potential threat to human health or the environment.

. Prevent the spread of groundwater contamination beneath the
site, especially to regional aquifers.

. Provide implementable strategies for remedial actions as
quickly as possible and still maintain compliance with the
Federal Facilities Site Remediation Agreement (FFSRA)
schedule.

The remedial action that is eventually selected from the range of alterna-
tives presented in this chapter should be checked against these remedial
response objectives 1o make sure that the action is in fact adequate,

6.1 Approach to the Feasibility Study

This Feas bility Study focuses on remedial action alternatives for two
different media of concern:  the vadose zone (soil above the water table)
and the groundwater.  Potential remedies for the vadose zone are
developed based on their ability to remove volatile organic compounds
(VOCs) only.

Tuere is also an area of the vadose zone that is contaminated with heavier
petroleum hvdrocarbons that do not exhibit any appreciable volatility, as
described in Chapters 1 and 4. This 7zone of contamination is the subject
of a bioventing treatability study heing conducted by Engincering-Science,
Inc.. and is not addressed in this chapter. More detail on the nature of
the petroleumn hydrocarbon contamination and potential options that could
be used to mitigate the problem are discussed in Appendix K.

Hydre carbon Remnediation Options,

101 IRTR RDD 6-)




No-action cleanup options are presented for both the vadose zone and
groundwater to provide a baseline against which the actions can be
compared. In any feasibility study, the National Oil and Hazardous
Substances Contingency Plan (NCP) requires that no action be carried
through the detailed analysis of alternatives.

With the exception of no-action, the vadose zone and groundwater clean-
up options evaluated herein may be thought of as consisting of three
different components: (1) Capture of the contamination in the sub-
surface, (2) Treatment of the resulting contaminated airstream or water
stream that is extracted from the subsurface, and (3) End-use of the
airstream or water stream after treatment. The descriptions presented in
this chapter follow this logic by describing first the capture, then the
treatment, and finally the end-use components for each cleanup option.

Cleanup options evaluated for VOCs in the vadose zone are no-action and

soil vapor extraction (SVE). Other possible actions for remediating

VOCs in the vadose zone such as capping or excavation are not evaluated

in this RI/FS because they are thought to be either too costly or
ineffective when compared to SVE.

Cleanup options evaluated for groundwater contamination are no-action
and groundwater extraction. Other options to remediate the groundwater
such as in situ treatment are not evaluated in this RI/FS because their
ability to address the groundwater contamination given the hydrogeologic
conditions at the Davis Site has not been proven.

The cleanup options for the vadose zone and groundwater may be
assembled into four different sitewide alternatives as illustrated in
Table 6-1. In Section 6.3 of this chapter, the alternatives are evaluated
and compared to assist the decisionmakers in selecting the proper action
for the Davis Site.

Table 6-1
Summary of Alternatives
Cleanup Options
No-Action No-Action Soil Vapor Groundwater
Alternative Yadose Zone Groundwater | Extraction Extraction
Altemative 1 v 4 w4
Altemnative 2 V4 w4
Alternative 3 4 7
Altemative 4 7 V4
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Each Cleanup Option Consists of
Three Components:

o Capture
e Treatment
» End Use

Two Different Cleanup Options are
Evaluated for the Vadose Zone and
Groundwater:

» Vadose Zone:
- No-Action
- Soil Vapor Extraction

e Groundwater:
- No-Action
- Groundwater Extraction




6.2 Description of Cleanup Options
This section provides a description of the four cleanup options:

No-action for the vadose zone
No-action for the groundwater
Soil vapor extraction
Groundwater extraction

The capture, treatment, and end-use components for the SVE and ground-
water extraction cleanup options are also described in this section.

6.2.1 No-Action-Vadose Zone
For the vadose zone, no action would

For the vadose zone, the no-action cleanup option would leave the VOC leave VOC contaminants in place,
contaminants in place where they would be allowed to continue to where they will continue to migrate
migrate and transform in the subsurface. Specifically, the contaminants and transform in the subsurface.

might become entrained in infiltrating rainwater and percolate downward
to groundwater via liquid advection (see Figure 6-1).

FIGURE 6-1

SUBSURFACE CONDITIONS
UNDER THE NO-ACTION
ALTERNATIVE

Preliminary contaminant transport modeling has been performed using the
VLEACH computer program to estimate the incremental impacts that
contaminants in the vadose zone today would have on the groundwater in
the future, if no action is taken. This analysis only considered contamina-
tion in the upper 40 feet of the subsurface. The soils between 40 and

70 feet depth are saturated for most of the year; therefore, contamination
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in this zone was not included in the analysis. The transport analysis
focused on tetrachloroethene (PCE) only, on the basis that PCE represents
greater than 90 percent of the total VOC mass in the vadose zone (refer
to Chapter 4). Appendix H, Analysis of Vadose Zone Contamination
Impacts, provides a description of the modeling assumptions, limitations,
and results. Modeling results indicate contaminants in the upper 40 feet
of the vadose zone represent an additional long-term source of
groundwater contamination, creating peak incremental groundwater
concentrations that may range from 20 to 80 pg/l, well in excess of
regulatory standards. These predicted incremental concentrations are due
solely to contaminant mass moving from the vadose zone into the
groundwater and do not take into account the contaminant mass that is
already in the groundwater.

6.2.2 No-Action-Groundwater

For groundwater, the no-action cleanup option would allow contaminants
in the saturated zone to remain in place where they would move laterally
and vertically and would eventually exit the site boundaries, as shown in
Figure 6-1. The contaminants would generally move in the direction of
groundwater flow. As described in Chapter 3, groundwater flow
directions vary greatly both spatially and temporally under the Davis Site,
and the contaminants in the groundwater would be expected to do the
same. Lateral groundwater flow directions are shown in Figure 3-4;
vertical flow directions are iiwustrated in Figure 3-5.

6.2.3 Soil Vapor Extraction

6.2.3.1 Capture Components

SVE will be used as a mechanism for collecting vadose zone contamina-
tion An SVE system captures the VOCs in the vadose zone by applying
a vacuum to the subsurface and inducing airflow through soils containing
VOCs and collecting the contaminated soil gas through extraction wells.

At the Davis Site, the estimated extent of VOC contamination is as
shown on Figure 4-2a of Chapter 4. The target zone boundary shown on
Figure 4-2a is based on soil gas data obtained down to depths of approxi-
mately 40 feet below ground surface (bgs). The SVE system discussed
here only addresses contamination in the upper 40 feet of the subsurface.
The dual-phase extraction innovation discussed in Section 6.4.2 provides
one technique that could be used to address the 40- to 70-foot zone,
which is sawrated for most of the year (see Appendix O, Evaluation of
Dual-Phase Extraction).

SVE modeling of the site indicates that capture of the vadose zone
contamination can he achieved by applying a vacuum through existing
Soil Vapor Monitoring Wells (SVMWs) CH-1, CH-2, CH-4, and CH-§,
and in eftect turning these wells into extraction wells. Air flow rates of
approximately 50 scfm are required at each well to provide capture.
Appendix 1, Analysis of Soil Vapor Extraction, provides more details on
the airflow modeling assumptions and results for the Davis Site.

Figure 6-2 illustrates the extraction well layout,
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For the groundwater, no action
would leave VOC contaminants in the
saturated zone where they will move
laterally and vertically until leaving
the site boundaries.

Capture of the vadose zone
contamination can occur by applying
a vacuum through existing
Monitoring Wells CH-1, CH-2, CH4,
and CH-5.
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As shown in Figure 6-2, operation of the SVE system will develop a flow
of clean air into the contaminated soil where the air will pick up contami-
nation and exit through the extraction wells. The continued replacement
of contaminated pore air with uncontaminated air leads to the gradual
decontamination of the soil. The time required to capture and remove the
contamination from the vadose zone is estimated by assuming a required
number of pore volume exchanges. A pore volume is the volume of all
the air in the soil pore spaces within the region of contamination. One
pore volume exchange represents the movement of one pore volume of
air through the soil as a result of the SVE system flow. Historically, the
number of pore volume exchanges needed to achieve remediation of a site
varies greatly, ranging anywhere from several hundred to several thou-
sand (personal communication, Jim Hartley, 1993). For the Davis Site,
1,000 pore volume exchanges were assumed necessary to achieve
cleanup. This corresponds to an estimated operating time frame of
approximately 10 years for the SVE system, based on modeling presented
in Appendix L.
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Subsurface monitoring is an important aspect of any operating SVE
system. SVMWs CH-1, CH-2, CH-4, and CH-5 can serve a dual purpose
as extraction wells and also as subsurface monitoring points when their
applied vacuums are temporarily turned off. In addition, SVMW CH-3
and Piezometers P1-S, P-1D, P-2M, P-3S, P-3D, P-4S, P4D, P-5S, and
P-5D will provide other monitoring locations. Construction details for all
of these wells and piezometers, including screened intervals, are provided
in Table 2-2. Additional monitoring points may need to be installed for
the zone of seasonal water table fluctuation, located 40 to 70 feet bgs.
Costs for installing additional wells are not included in the estimates
presented in Section 6.3.7. A description of air permeability testing at
CH-1, CH-4, and CH-5 is included in Appendix B, Air Permeability
Testing.

Subsurface monitoring of the SVE system will provide data regarding the
extent of propagation of subsurface vacuums caused by the network of
extraction wells. This information would be used to check if the zone of
subsurface airflow is occurring through the entire zone of subsurface
contamination. Soil gas samples can also be periodically obtained from
the monitoring points to estimate the rate of decontamination. At a
minimum, monitoring should be conducted quarterly to assess the
subsurface airflows and rates of decontamination.

6.2.3.2 Treatment Components

In an SVE system contaminated air, or offgas, is removed from the
subsurface. Before being discharged into the atmosphere, this contami-
nated airstream will require some form of treatment to remove the con-
tamination. Initially, four different offgas treatment components were
evaluated as possible options at the Davis Site: Electron Beam
Technology (EBT), Catalytic Oxidation (CatOx), Gas Phase Carbon
Adsorption (GAC), and Synthetic Resin Adsorption Systems (Purus
PADRE), as shown in Figure 6-3. Detailed descriptions and evaluations
of these options are presented in Appendix L, Vadose Zone Treatment

Options.

The adsorptive offgas treatment options (GAC and Purus PADRE) are not
the best methods to use at the Davis Site because they do not effectively
remove methane or vinyl chloride, both of which have been detected at
the Davis Site. EBT is a possible offgas treatment component that could
work at the Davis Site, but is not yet proven at removing VOCs from
contaminated airstreams. More discussion on EBT and its possible
application at the Davis Site is provided in Section 6.4.1.

CatOx units have demonstrated success at removing over 99 percent of
contaminants from waste streams similar to those found at the Davis Site,
including vinyl chloride and methane. In addition, as described in
Appendix L, CatOx is cost competitive with the other offgas treatment
technologies. For these reasons, the detailed evaluation of SVE presented
in Section 6.3 will generaily assume a CatOx offgas treatment component.
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Soil Vapor Treatment Options:
1. Carbon Adsamtion

2. Purus Padve Adsorption

3. Cataiytic Oxidation

4. Electren Beam Technology

FIGURE 6-3
SVE VAPOR TREATMENT
SCHEMATIC
A centralized offgas treatment facility i1s assumed for the Davis Site.
Manifold piping will be used to collect the offgas from the individual
extraction wells and route it to a CatOx unit located fo the east of
Building 4710
6.2.3.3  End-Use Components
The simplest end-use component tor air is to discharge it directly into the
atmosphere after it has been treated. Before being discharged, the
awrstream would be sampled and tested to make sure that it complies with
ar quality requirements. Figure 64 is a schematic of the manifold
piping. blower station, and offgas treatment unit for the SVE system.
CH-2 ®CH-3
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oun 3" PVC PIPE @ SOIL VAPOR MONITORING WELL
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: - FIGURE 6-4
o SVE SYSTEM LAYOUT
2 . . DAVIS GLOBAL COMMUNICATIONS SITE

McCLELLAN AIR FORCE BASE
YOLO COUNTY, CALIFORNIA
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6.2.4 Groundwater Extraction

6.2.4.1  Capture Components

A groundwater extraction system is the option that will be used to capture
and remove contamination in the groundwater. A groundwater extraction
system captures contaminated groundwater by pumping the groundwater
via a network of wells equipped with submersible pumps. The wells are
designed to capture all water within a previously specified "target
volume.” Contaminated water is pumped from the target volume via
groundwater extraction wells.

As described in Chapters 3 and 4, four water-bearing alluvial units that
are contaminated have been identified beneath the Davis Site. Starting
with the shallowest unit these have been named the B, C, D, and

E aquifers, respectively. The aquitards have in turn been named the A-B,
B-C, C-D, and D-E aquitards. The majority of the groundwater
contamination (83 percent) has been found in the upper B and C aquifers
and corresponding A-B and B-C aquitards (refer to Table 6-2). To
provide decisionmakers with an estimate of the incremental effort
necessary to go from removing 83 percent of the entire mass (i.e., mass
from the B and C aquifers and A-B and B-C aquitards) versus removing
all of the mass, two different target volumes are evaluated:

. Target Volume 1 = B and C aquifers and A-B and
B-C aquitards only

. Target Volume 2 = All four aquifers and aquitards.

Table 6-2
Contaminant Mas< and Extraction Rate for Each Hydrogeologic Unit
Estimated
Extraction Total Mass Cumulative
Unit Rate (gpm) (kg/1b) Mass (%)
A-B Aquitard 63.50/139.70 227
B Aquifer 80 81.73/179.81 29.2
B-C Aquitard 52.2/115 18.7
C Aquifer 300 33.8/74 12.1
Subtotat 380 231.23/509 82.7
C-D Aquitard 25.4/56 9.1
D Aquifer 260 16.0/35 57
D-E Aquitard 7.1/16 25
E Aquifer 180 0.13/0.29 0.05
Total 820 279.86/617 100.00
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Figures 4-1b and 4-1c show the extent of the target volumes in plan view.
The proposed extraction well layout is illustrated in Figure 6-5. The
aquifer targeted by each well is identified by the last letter in the well
name (¢.g.., EW-1B targets the B aquifer).

exTRACTION | SGREENED
WELL NTErvAL
EW-1B 50 to 100
EW-1C 130 to 140
EW-2C 7810 108
EW-3C 93 to 108
EW-4C 125 to 140
EW-10 147 10177
EW-2D 146 10 186
EW-30 157 t0 177
EW-1E 21510 230
EW-2E 21510 230

SCALE (Approximate)

———
0 250 FEET

FIGURE 6-5
GROUNDWATER
EW-2E EXTRACTION WELL
ROD1412_63 ) LOCATIONS
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The A-B aquitard is saturated only during the winter months. and
partially or fully desaturates during the suinmer because of a groundwater
depression that can be attributed to regional pumping. Contaminants in
the A-B aquitard will be captured by the groundwater extraction system

only when the zone is saturated. An innovative option exists to treat this Four extraction wells are needed to
zone of seasonal water table tluctuation, called dual-phase extraction. capture contamination from the B
This innovation would remove contaminants from both the water and air and C aquifers and A-B and

phases from a single well. Section 6.4.2 and Appendix O provides more B-C aquitards, pumping at 380 gpm.

detail on this process.

According to groundwater capture curve modeling discussed in Nine extraction wells are needed to
Appendix J. Groundwater Modeling (MicroFem). four extraction wells are capture contamination from all
needed to capture the contamination in the B and C aquifers and A-B and aquifers and aquitards, pumping at
B-C aquitards, with an estimated required flow rate up to 380 gpm: nine 820 gpm.

extraction wells are needed to capture contaminated groundwater from all

of the units with an estimated flow rate up to 820 gpm. These extraction

rates were considered adequate to capture the target volumes under

summer groundwater conditions. During winter conditions, total flow

rates can be reduced to one-third of the summer condition extraction

rates.

Monitoring is a necessary component of the groundwater extraction sys-
tem. Water level measurements need to be taken from monitoring wells
to assess if the groundwater within the target volume is being hydrauli-
cally captured. Water quality data need to be taken to monitor possible
changes in the target volume geometry and also to characterize the
influent water stream that enters the groundwater treatment system.
Recommended monitoring locations and monitoring frequency during
operation of the groundwater extraction system is discussed in
Appendix J.

The time of operation of the groundwater extraction system is difficult to
estimate and depends on the number of pore volumes needed to flush out
the contamination. At the Davis Site. 10 pore volumes or more may be
required to clean up the groundwater. This could correspond to ground-
water extraction operation of 30 years or longer at the Davis Site.
Groundwater extraction times could be on the order of centuries based on
vadose zone modeling, if the contamination that currently resides in the
vadose zone is allowed to continue to migrate into the groundwater.

6.2.4.2 Treatment Components

Contaminated water that is extracted from the subsurface requires treat-
ment before it can be reused in some manner. Three different methods
are presented as possible options to treat the groundwater: advanced

UV oxidation. sorption onto activated carbon (GAC). and air stripping as
illustrated in Figure 6-6.

In the case of air stripping, the contaminants are removed from the water
and entrained into an airstream. The resulting contaminated airstream
would be conveyed to the SVE offgas treatment component for treatment.
Detailed descriptions and evaluations of the different water treatment
components are provided in Appendix M(a). Groundwater Treatment

Options.
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OPTION A:

AIR STRIPPING AIR DUCT

TO OFF-GAS
TREATMENT

—§» TO END USE

FIGURE 6-6
WATER TREATMENT OPTIONS
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®
The advanced UV oxidation system uses ultraviolet (UV) light in
combination with an oxidant, such as hydrogen peroxide, to oxidize the
contaminants in the groundwater. As described in Appendix M(a), basic
advanced UV oxidation is a proven option that will work for the Advanced UV oxidation is a proven
groundwater contaminants at the Davis Site. There are also a variety of option that will work for the »
innovative enhancements to the standard advanced UV oxidation system, groundwater contaminants at the
which are designed to improve the efficiency of the system. More Davis Site.
discussion regarding innovative advanced UV oxidation techniques can be
found in Section 6.4.1.
GAC and air stripping are both options that will work for the contam- Advanced UV oxidation system »
inated water streamn at the Davis Site. However, for the purposes of the enhancements are in various stages
detailed evaluation, conventional advanced UV oxidation is selected as of development, and progress on them
the representative treatment technology. Selection of a different treatment should be monitored periodically.
system during remedial design should not significantly alter the conclu-
sions of the detailed evaluation. .
10012878 RDD 6-11
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As with the SVE option, the extracted groundwater will be collected in
manifold piping from the well heads and routed to a centralized advanced
UV oxidation treatment tacility located to the southeast ot Building 4710,

6.24.3 End-Use Components

A groundwater end-use component has been developed to provide a
beneticial use for the treated groundwater from the Davis Site. Initially,
tive end-use components were developed and evaluated as possible
options:  Wilson Park irrigation. Wallace Farms irrigation, surface-water
discharge to Putah Creek. onsite groundwater reinjection. and onsite
imigation. Detailed descriptions and evaluations of these components are
presented in Appendix M(b), Groundwater End-Use Components. The
end-use component evaluation presented in Appendix M(b) builds upon
the original end-use analysis presented in the Intermediate Design Report
for the Design Report for the Davis Site (CH2M HILL. 1993b).

Using screening criteria including cost. management, timely construction.
and system reliability, two end-use components seem to best suit the
Davis Site: Wallace Farms irrigation and onsite groundwater reinjection.
The flow of treated groundwater may vary between 380 gpm and

820 gpm depending on the selected target volume (refer to Appendix J)
and time of year. It is anticipated that Wallace Farms would beneficially
use all of the treated water between April 1 and October 31. Onsite
groundwater reinjection will serve as the end-use system between
November 1 and March 31 and will also function as the summertime
backup.

As a first step to drilling reinjection wells, exploratory test holes should
be drilled to define the stratigraphy and presence of coarse-grained units.
An attempt should be made to collect aquifer soil samples. The samples
should be analyzed to determine if the soil matrix is compatible with the
injection water in terms of geochemistry and aquifer clogging. Geophysi-
cal logging of the test hole and logging of the test hole cuttings will give
an indication of the hydraulic properties of the formation.

The Wallace Farms irrigation and the onsite groundwater reinjection
components would consist of a common pump station at a centralized
Davis Site treatment plant, a pipeline to convey water to the headworks
of the irrigation system. a pipeline to the reinjection wells, three rein-
jection wells, one backup reinjection well, telemetry, and automatic
valving and controls. The groundwater end-use component is outlined in
Figure 6-7.
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6.3 Detailed Evaluation of Alternatives

Descriptions of the different options that could be used to remove
contaminztion from the vadose zone and groundwater at the Davis Site
were presented in Section 6.2. These options have been assembled into
four different sitewide altematives as shown in Figure 6-8. SVE and
groundwater extraction each consist of three different components:
capture, treatment, and end-use. The specific components assumed for
the SVE and groundwater extraction systems are as listed:
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Soil Vapor Extraction

Capture System: Network of SVE wells
Treatment System: Catalytic Oxidation
End-Use System: Discharge to Atmosphere

(sroundwater Extraction

Capture System: Network of Extraction Wells (four wells for
Target Volume 1; nine wells for Target
Volume 2)

Treatment System: Conventional Advanced UV Oxidation

End-Use System: [rrigaton and Reinjection

Other capture. treatment. or end-use systems may be used in the remedial
action. but the above representanve systems will be adequate for the
purposes of the detailed evaluation and comparison of alternatives.

The expected effectiveness of the different alternatives and potential
shortcomings of each alternative are compared in the detailed evaluation.

The last step hetween the detailed evaluation and the selection of a reme-
dial action is the identification of potential innovations that might be
etfective at improving the remedial action, Currently. not enough datu
exist to justify performing a detailed analysis of such innovations. How-
ever. dunng the time period between the RI/FS and remedial action selec-
tion. data may become available that show a particular innovation o be a
significant improvement over the current state-of-the-art. In this case, the
decisionmakers may wish to modify the preferred alternative to incor-
porate the innovation. Potential innovations that might be applicable at
the Davis Site are described in Section 6.4.

The detailed evaluation performed in this section is based on nine specific
evaluation critenia cited in the Guidance for Conducting Remedial Investi-
gations and Feusibility Studies (U.S. EPA, 1988). The nine criteria are
listed below:

. Overall Protection of Human Health and Environment

. Compliance with ARARs

. Long-term Effectiveness and Permanence

o Reduction of Toxicity, Mobility, and Volume through
Treatment

. Short-term Effectiveness
. Implementability

. Cost
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. Community Acceptance
. State Acceptance

6.3.1 (Overall Protection of Human Health and the
Environment

Alternative 1 is the No-Action Alternative for both the vadose zone and
the groundwater. It would not protect human health or the environment.
Contamination that currently resides in the vadose zone would be allowed
to continue to migrate downward into the groundwater. Vadose zone
contaminant transport modeling (summarized in Appendix H) indicates
that peak groundwater concentrations of PCE alone would be in excess of
20 to 80 pgA for hundreds of years into the future because of the move-
ment of contamination from the vadose zone into the groundwater.

Contamination that is already in the groundwater would remain in place
under Alternative | and would migrate laterally away from the site and

vertically into deeper aquifer systems, creating additional risks to human
health and the environment.

Alternative 2 is the SVE Alternative for the vadose zone with no ground-
water action. Alternative 2 effectively removes the long-term source of
groundwater contamination by removing the contaminants in the vadose
zone. However, the contamination currently in the groundwater would
remain, where it could migrate laterally and vertically into aquifer
systems that are currently uncontaminated. While this contamination
currently poses no threat to human health, it has the potential to migrate
into downgradient wells where exposure to humans would be possible.

Alternative 3 is the Groundwater Extraction Alternative with no vadose
action. It would effectively contain the contamination as it enters the
groundwater system and would prevent the contamination from spreading.
By virtue of containing and treating the groundwater contamination.
protection to human health and the environment would be provided with
respect to groundwater exposure; however, the contamination would still
remain in the vadose zone. VOC contamination could potentially pose a
health risk via emissions to the air from the soil surface and inhalation
exposure. However, a preliminary risk assessment performed for the
Davis Site indicates that estimated risks associated with these exposure
pathways fall below levels generally of concern to regulatory agencies
(CH2M HILL, 1993a). Alternative 3 can therefore offer overall
protection to human health and the environment, but would need to be
operated over an extremely long period of time (greater than 200 years)
to adequately capture the contamination that migrates from the vadose
zone into the groundwater.
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Alternative 4, SVE and Groundwater Extraction. is a combination of
Alternatives 2 and 3. It also provides overall protection to human health
and the environment.  As with Alternative 3. the groundwater would be
contained and treated. However, this alternative ofters a significant
advantage over Alternative 3 in that it also addresses the long-term source
of groundwater contamination that resides in the vadose zone and would
potentiadly avoid an extremely long time frame of operation.

Table 6-3 is a summary of the Overall Protection of Human Health and
the Environment evaluation for the four alternatives.

Table 6-3
QOverall Protection of Human Health and the Environment-Summary
Alternative 4
Seil Vapor
Alternative 2 | Alternative 3 and Ground-
Alternative 1 Soil Vapor Groundwater water
No-Action Extraction Extraction Extraction
Altemative V4 v 4
Protects Human
Health
Altemative 4 V4
Protects the
Environment

6.3.2 Compliance with ARARs

Alternative 1 would not comply with ARARs. The groundwater would
continue to have contaminant concentrations significantly above
background and far in excess of state and federal maximum contaminant
levels (MCLs). Furthermore. because nothing would be done to address
the long-term source of contamination (VOCs in the vadose zone). the
groundwater concentrations would continue to exceed ARARs for an
estimated period of 200 years or longer.

Alternative 2 also does not address groundwater contamination, and
chemical-specific ARARs will not be met. This alternative targets the
long-term source of contamination that resides in the vadose zone, but
does nothing to reduce concentrations in the groundwater. Eventually,
natural processes such as dilution or contaminant degradation would
reduce groundwater concentrations over time. possibly to a point where
they might comply with ARARSs in the future. However, the time
required to obtain such concentration reductions is difficult to know with
reasonable certainty and may vary anywhere from a couple of years to
several hundred years. The SVE system for Alternative 2 would be built

and operated to comply with action-specific and location-specific ARARs.

10012878.RDD 6-17




Alternatives 3 and 4 would both be designed to meet all ARARs. Under
these alternatives. contaminated groundwater would be captured and
treated until chemical-specific ARARs are met.  Both alternatives would
be built and operated to comply with action-specific and location-specific
ARARs,

Table 6-4 is & summary of the compliance with ARARSs evaluation for the
four alternatives.

Table 6-4
Compliance with ARARs-Summary
Alternative 4
Alternative 2 | Alternative 3 | Soil Vapor and
Alternative 1 | Soil Vapor Groundwater | Groundwater
No-Action Extraction Extraction Extraction
Altemative can 7 w4
comply with
chemucal-specific
ARARs
Altemanve can Not w4 "4 7
comply with Applicable
action-specific
ARARs
Altemative can Not 4 w4 v 4
comply with Apphcable
location-specific
ARARs
6.3.3 Long-Term Effectiveness and Permanence

Alternative 1 would not alter the threats posed by the vadose zone or
groundwater contamination at the site. No controls would be placed on
any of the contamination. Some natural attenuation of the contamination
may occur through dispersion, dilution. or degradation. but the ability to
accurately estimate these mechanisms is weak. and it cannot be assumed
that this natural attenuation would occur before human or environmental
exposures occur. In short, Alternative 1 does not provide an effective or
permanent long-term solution to the contamination problem at the Davis
Site.

SVE would be used in Alternative 2 to reduce VOC levels in the vadose
zone. According to the modeling results presented in Appendix I. SVE
would be able to reduce the in situ vadose zone contamination to levels
that would be protective of human health and the environment within
about 10 years. This altemative does nothing to address the groundwater
concentrations.

Under Alternative 2, treatment residuals would be generated from the
offgas treatment system. If catalytic oxidation is used as the offgas
treatment method low levels of hydrochloric acid (HCl) would be pro-
duced in addition to water and carbon dioxide. Treatment evaluations
presented in Appendix L suggest that the HCL emissions would be
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approximately (.5 pound/hour which should not pose a threat to human
health or the environment.

Both the residual vadose zone VOC contamination and treatment residuals
would be monitored under Alternative 2, SVMWs CH-1, CH-2, CH-3.
CH-4. and CH-5 would provide in situ vapor monitoring points to con-
tirm that at the end of remedial action VOC levels have been reduced
below cleanup standards. Monitoring of the offgas would also be con-
ducted to make sure that HCL levels are nonthreatening and that VOCs
are not escaping untreated.

Groundwater extraction would be used under Alternative 3 to capture and
treat the contaminated groundwater. Under this alternative. contaminants
currently in the vadose zone would be allowed to migrate into the
groundwater over a time frame on the order of 200 years, meaning that
the groundwater extraction system would need to be operated over an
extreme time span. Residual VOC contamination could potentially
remain in the groundwater for centuries to come. It is therefore impera-
tive that monitoring be adequate to make sure that the groundwater
contamination is being captured. As described in Appendix J. water
levels and water quality data are required during operation of the
extraction system to check for adequate hydraulic containment and to
check on improvements in water quality over time. The groundwater
extraction procedures outlined in Appendix J would provide adequate
long-term monitoring of the groundwater contamination.

Treatment of the groundwater under Alternative 3 will produce no appre-
ciable reatment residuals.

Alternative 4 includes both soil vapor and groundwater extraction. The in
situ vadose zone residuals described for Alternative 2 and the ground-
water residuals described for Alternative 3 will also exist for this alterna-
tive. However, because the majority of the vadose zone contamination
would not be allowed 1o become a long-term source of groundwater con-
tamination, the groundwater residuals would probably exist on the order
of 30 years rather than 200. A combination of the in situ monitoring
methods from Alternatives 2 and 3 would be used for Alternative 4.

The treatment system for Alternative 4 will consist of an catalytic oxida-
tion unit for the offgas, and a conventional advanced UV oxidation unit
for the groundwater. The treatment residuals would be identical to those
generated from Alternative 2 and would not be threatening to human
health. Table 6-5 is a summary of the Long-Term Effectiveness and
Permanence evaluation for the four alternatives.
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Table 6-5
Long-Term Effectiveness and Permanence-Summary

Alternative 4
Alternative 2 | Alternative 3 | Soil Vapor and
Alternative 1 | Soil Vapor Groundwater | Groundwater
No-Action Extraction Extraction Extraction

Treatment V4 V4 v 4

Residuals will be
Rendered Harmless

Long-Term v 4 v 4 ¢
Controls are

Adequate and
Reliable to Monitor
Restdual Contam-
nanion in the
subsurface

In Situ Residual V4 "4
Contamination will
be Reduced to
Levels Protective
of Human Health
and the
Environment

Notes: Groundwater monitoring 1s assumed to continue if Altemative 2 is selected.

Long-term groundwater monitoring may be required for excessive imeframe under
Aliemative 3 (200 years or longer).

6.3.4 Reduction of Toxicity, Mobility, and Volume
through Treatment

This criterion addresses the degree to which contamination is reduced in
toxicity. mobility, or volume through treatment. The alternatives are
evaluated against this criterion for two separate cases. First, are there
reductions with respect to the contaminant that actually remain in the
subsurface? Second, are there reductions with respect to the contaminanis
that have been removed from the ground and are now present in some
form at the ground surface?

Altemmative 1 invokes no treatment whatsoever and therefore does not
reduce contaminant toxicity, mobility, or volume through treatment.

The SVE and treatment system proposed for Alternative 2 would impact
contaminant toxicity, mobility, and volume. The subsurface vadose zone
contamination would have its mobility controlled by the subsurface air-
flow which would force the contamination to move towards the extraction
wells: the toxicity, volume, and mass of vadose zone contamination
would also be reduced because the SVE system physically removes the
contaminants from the ground. Aboveground, the contaminants would
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have their toxicity, mobility. and volume virtually eliminated by the
thermally destructive nature of a CatOx oxidation offgas treatment
system. The toxicity, mobility. and volume of contaminants in the
groundwater would not be impacted by Alternative 2.

Extraction of groundwater only (Alternative 3) will physically capture the
contamination in the groundwater target volume, reducing the subsurface
toxicity. mobility, and volume within the selected target volume. If
Target Volume 1 (B and C aquifers, A-B and B-C aquitards only) is
selected. the low levels of contamination that currently reside deeper in
the subsurface (C-D aquitard and deeper) will not be impacted by the
action and will not experience reductions in toxicity. mobility. or volume.
because they are not included in the target volume. If Target Volume 2
(all aquifers) is selected. nearly all of the contaminants will have
decreases in toxicity, mobility, and volume. Aboveground, the toxicity.
mobility. and volume will be virtually eliminated after the contaminated
water passes through an advanced UV oxidation unit, which will destroy
virtually all of the contaminants. Alternative 3 does nothing to address
the toxicity. mobility. or volume of contaminants above the water table.

Alternative 4 addresses toxicity. mobility. and volume of contaminants
above the water table as described for Alternative 2 and below the water
table as described for Alternative 3. It is the most thorough alternative
with respect to reducing toxicity. mobility, and volume.

Table 6-6 is a summary of the Reduction of Toxicity. Mobility, and
Volume through Treatment evaluation for the four alternatives.

6.3.5 Short-Term Effectiveness

Since no remedial action occurs under Alternative 1 no shor-term effects
will occur that differ from the current condition.

Implementation of an SVE system (Alternative 2) will entail minimal
construction-related risks since the extraction wells are already installed
and a new drilling program is not required. There will still be some risks
associated with the aboveground construction, but there is nothing
anomalous with these risks. It is estimated that the SVE system will be
able to remove the vadose zone contamination within 10 years. However,
this altemative will never achieve the remedial response objectives at the
site, because it fails to address the groundwater contamination.
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Table 6-6

Reduction of Toxicity, Mobilitv, or Volume Through Treatment-Summary

Alternative 4

inants in Groundwater
1s Reduced

Alternative 2 | Alternative 3 | Soil Vapor and

Alternative 1 | Soil Vapor Groundwater | Groundwater
No-Action Extraction Extraction Extraction

Toxicty of Contam- v 4 v 4 v 4

tnants Aboveground

1s Reduced

Toxicny of Contam- w4 V4

wnants 1n Vadose

Zone 15 Reduced

Toxicity of Contam- w4 7

mants in Groundwater

1s Reduced

Mobulity of Contam- v 4 4 "4

inants Aboveground

1s Reduced

Mobulity of Contam- 4 4

inants in Vadose

Zone 1s Reduced

Mobility of Contam- w4 v 4

inants in Groundwater

1s Reduced

Volume of Contam- V4 v 4 v 4

inants Aboveground

1s Reduced

Volume of Contam- v 4 v 4

nants in Vadose

Zone 1s Reduced

Volume of Contam- 7 V4

Alternative 3 (groundwater extraction) may include some construction-
related risks depending on the selected target volume. If Target

Volume 1 is selected, no additional drilling will be required because the
extraction wells are already installed. and there will only be construction
risks associated with the aboveground construction. Five new extraction
wells will be required for Target Volume 2 to capture contamination in
the deeper alluvial units. There would therefore be drilling related con-
struction risks. However, with appropriate and readily available

monitoring and protective equipment these risks should not be any greater
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than those associated with drilling programs at uncontaminated sites. It is
estimated that this alternative will take an extreme period of time to
achieve remedial response objectives (200 vears or longer) because
infiltration of contaminunts into the groundwater from the vadose zone
will be allowed to continue until the contaminant mass from the vadose
zone has been depleted.

The construction-related risk scenarios described tor both Alternatives 2
and 3 apply to Alternative 4, which is basically a combination of
Alternatives 2 and 3. It estimated that remedial response objectives under
this altemative could be achieved within a 30-year time frame.

All of the above alternatives (with the exception of Alternative 1) invoke
some form of air or water treatment (which for the purposes of the
detailed analysis is assumed to be catalytic oxidation for air and advanced
UV oxidation for water). In addition, water discharges will comply with
ARARs before being routed to the appropriate end use. There is a
possibility that an offgas treatment system could fail, resulting in an
untreated discharge of soil gas to the atmosphere. If this occurred. all
remedial systems would be shut down immediately. Similarly, there is a
possibility that a water treatment system could fail, allowing an untreated
discharge of contaminated water. For this case. the groundwater
extraction cv- .em would shut down.

Table 6-7 is a summary of the Short-Term Effectiveness evaluation for
the alternatives,

6.3.6 Implementability

All of the alternatives are fully implementable at the Davis Site. The
technologies are well proven, and no impediments to implementing the
actions have been identified. SVE has been selected by the
Environmental Protection Agency (EPA) to clean up VOCs from the
vadose zone at 83 CERCLA sites nationwide, and groundwater extraction
is a commonly used method to capture and remove contamination from
the groundwater.

The equipment and specialists needed to implement the alternatives are
expected to be readily available. The Davis Site is located near the
greater Sacramento metropolitan area. which should be able to provide
most of the resources needed.
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Table 6-7

Short-Term Effectiveness-Summary

Alternative 2

Alternative 3

Alternative 4
Soil Vapor and

Achievable within an
Acceprable Timeframe

Alternative 1 Soil Vapor Groundwater | Groundwater
No-Action Extraction Extraction Extraction

Community will be Protected w4 4 v 4

dunng Implementanon of

Remedial Action

Workers will be Protected w4 V4 w4

dunng Implementation of

Remedial Action

Altermanve can Comply with v 4 v 4 W 4

Air Quality Standards

Environmental Impacts dunng | Not Applicable | f 7 w4

Construction will be in

Comphiance with Regulations

Remedial Response Objectives V4

Table 6-8 summarizes the implementability evaluation for the four

alternatives.

Table 6-8
Implementability -Summary

Alternative 4

Alternative 2 Alternative 3 | Soil Yapor and
Alternative 1 | Soil Vapor Groundwater | Groundwater
No-Action Extraction Extraction Extraction
Technology can be Con- Not Applicable | 7 7
structed at the Davis Site
Technology 1s Well Proven Not Applicable | / w4 w4
and Reliable
Technology can be Adequately | Not Applicable | o w4 w4
Momitored
Adegquate Treatment, Storage Not Applicable | 4 4
Capacity, and Disposal
Services are Available
Necessary Equipment and Not Apphicable | 4 V4
Specialists are Available
1001 2878.RDD 6-24




6.3.7 Cost

Feasibility study cost estimates are projected on the basis of the total
costs of the remedial alternative for the duration of the alternative.
Usually feasibility level cost estimates have an order-of-magnitude level
of accuracy of approximately +50 to -30 percent. However, in this RI/FS
there is a significant body of data to support the cost estimate. For
example. four groundwater extraction wells have aiready been installed at
the site at a known cost. The cost estimate for additional well
installatons at the Davis Site will be based in large part on these actual
costs and will be more accurate than +50 to -30 percent. Other aspects of
the cost estimate will not have the benefit of such recent site-specific
daty: for example, the cost of installing the network of groundwater
pipelines needed to route water to and from the treatment facility may
vary significantly, depending on the number and size of obstructions
encountered (¢.g.. underground utilities or large concrete rubble) when
excavating the pipeline ditches. For the case of pipelines, the cost esti-
mate may at best be considered +50 to -30 percent. Overall it is antici-
pated that the cost estimates presented herein are slightly more accurate
than +50 to -30 percent and are probably more along the lines of +30 to
-30 percent. This +30 to -30 percent cost estimate level of accuracy
should be used when planning for funds for the selected remedial action.

In addition to standard capital and operation and maintenance costs. the
cost estimate also includes a variety of contingencies and other fees. A
contractor's operational contingency of 5 percent of equipment capital
cost is included to cover equipment. materials. and labor needed for
construction items that cannot be detailed at this level of estimating. A
bid contingency of 10 percent of construction cost is included to cover
unknown costs associated with constructing the alternative, such as
weather conditions. strikes by matenal suppliers, geotechnical unknowns,
and unfavorable market conditions. Permitting and legal fees are
estimated at 2 percent of total construction cost to obtain licenses and
permits needed to construct and implement the selected alternative.
Services during construction including construction management and
engineering services are estimated at 8.5 percent of the total construction
cost. Engineering design costs including design and process develop-
ment. preparation of specifications and bid documents. drafting, and
monitoring and testing are estimated at 15 percent of the total
implementation cost.

Table 6-9 summarizes the cost estimates for each alternative. A brief
synopsis of cost estimate assumptions for each line item are provided in
the table. Capital and O&M costs shown in Table 6-9 are based on 1993
fiscal year dollars. However, none of the alternatives are expected to
begin construction until 1995. Appended to the end of Table 6-9 is an
estimate of capital and O&M costs in 1995 dollars assuming costs
increase at a rate of S percent per year. Refer to Appendix M(a) for
more cost detail on groundwater wells, pumps, piping and end use:
Appendix M(b) provides cost detaiis for the groundwater treatment
system: Appendix I provides the cost details for the SVE extraction
system installation and operation; and Appendix L should be referenced
for cost details on the offgas treatment system.
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The costs may be expressed in terms of present worth or on an
annualized basis. Figures 6-9 and 6-10 compare the costs of alternatives
in graphical foom. Alternative 1 is not shown because it incurs no cost at
all. As expected Alternative 4 is the most expensive option. but is aiso
the most protective because it is the only alternative that targets contami-
nation that resides in the vadose zone and the groundwater.

6.3.8 Community Acceptance

Alternative 1 would probably not be accepted by the community.
Community members are expected to prefer alternatives that remove
contaminants from their locale. The acceptance by the community of the
other alternatives is difficult to assess at this time, but will be made clear
during the public comment peniod. during which time community mem-
bers will be invited to comment on this report. Community acceptance
will be more fully addressed in the reinedial action plan (RAP) for the
Lavis Site.

6.3.9 State Acceptance

Where possible. the state is expected to prefer alternatives that reduce
subsurface contamination to levels at or below background. State accep-
tance will be more fully addressed in the RAP. after public comment has
been received on this RI/FS report.

6.4 Potential Innovations for the
Alternatives

The technclogies proposed in this report for the various alternatives being
considered for the Davis Site are generally well proven and tested so that
there is reasonable assurance that. if implemented properly. they will
work. There is another class of "innovative technologies” that could in
the future be used as part of the Davis remedial action. Today. these
innovations are not proven enough to justify performisng a detailed evalua-
tion of them. However, treatability data may become available in the
near future that indicates that they should in fact be used at the Davis
Site. This section provides brief descriptions of the current state-of-the-
art of innovations that show particular promise for potential implementa-
tion at the Davis Site. namely Electron Beam Technology to treat contam-
inated oftgas, various Emerging Advanced UV Oxidation Enhancements o
treat contaminated water streams. and Dual-Phase Extraction to improve
the capture and removal of subsurface contamination. Table 6-10 sum-
marizes major studies currently being conducted for each of these tech-
nologies. The results of these and other studies tike them should be
monitored to help evaluate the benefits that a given enhancement may
have for the Davis Site remediation.
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V4 Table 6-10
\ Information Sources for Various Remediation Enhancements
Innovation Media Affected Major Reference(s)

Electron Beam
Technology

Contaminated arstream
extracted from the subsurface

ZAPIT Company (Contact:
Dr. Peter Schonberg.
$O8/986-1700),

Enhancements to
Conventional
Advanced UV
Oxdation

Contaminated water stream
extracted from subsurface

Many references, see for
example. Table 6-11

Dual-Phase Extracuon

Contamination that resides in
a zone of seasonal water table
fluctuation

Xerox Co. case study, Build-
ing 209; Webster New York.
Enhanced Groundwater
Extraction Utiizing Innova-
tive Technology: "HIVAC™

Woodward-Clyde Consultants.

Presentzd at the November
1990 Hazardous Matenals
Management Conference.

fully quantified.

ment system.

10012878 RDD

6.4.1 Treatment Innovat.ons

Potential treatment innovations exist for both contaminated air and con-
taminated water streams, For contaminated air. electron beam technology
(EBT) is a promising innovation. EBT uses a high energy beam of
¢lectrons through which the contaminated airstream must pass. The

L electrons release concentrated pockets of energy into the gas stream,
creating free radicals such as hvdroxyl and hydrogen radicals. These
radicals initiate a series of chain reactions that oxidize the contaminants.
The oxidation reactions in an EBT system occur at near ambient tempera-
ture and pressure. Bench scale studies of EBT indicate a wide range of
destructon removal efficiencies, ranging anywhere from 60 percent to
99 percent. In addition. testing to date indicates that EBT does not
effectively remove 1.1, 1-trichloroethane (TCA) or Freon 113. Tests shew
that by adding oxidants to the EBT system destruction removal
efficiencies can be improved. However, the magnitude of improvement
that these oxidants have on the EBT system performance has not yet been

For contaminated water, there are a variety of innovative enhancements to
the conventional advanced UV oxidation system. These enhancements
are in various stages of development and progress on them should be
monitored at least quarterly so that the decisionmakers can have carly
access to a hetter technology as soon as it has demonstrated effectiveness.
Table 6-11 summarizes some of the main emerging technologics tha will
potentally enhance the performance of an advanced UV oxidation treat-
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6.4.2 The Dual-Phase Extraction Innovation

Dual-phase extraction is a method by which contaminated air and water is
removed from the subsurface from the same well. At the Davis Site,
dual-phase extraction could be a viable technique to remove contamina-
tion from the zone of seasonal water table fluctuation located at a depth
range of approximately 40 to 70 feet bgs.

The possible applicability of dual-phase extraction is based on subsurface
characteristics that may make conventional groundwater extraction or
SVE difficult to implement. The soils in this depth interval are of a fine-
grained nature and likely have low hydraulic conductivities, making
removal via groundwater pumping difficult during the times that the zone
is saturated. In addition, the seasonal wetting of the fine-grained soil is
likely to maintain high levels of water saturation that wili create low air
permeabilities that may make standard SVE operation ineffective.

Dual-phase extraction provides a possible method of removing contami-
nated groundwater from the zone of seasonal water table fluctuation and
also improving the airflow characteristics of the soil so that contaminated
air can be more effectively withdrawn from the zone. Appeadix O,
Evaluation of Dual-Phase Extraction, provides a detailed description and
evaluation of dual-phase extraction. The system evaluated for the Davis
Site will consist of a downhole submersible pump coupled with an above-
ground high vacuum liquid ring blpwer, as illustrated in Figure 6-11.

The possible applicability of dual-
phase extraction for the zone of
seasonal water table fluctuation is
based on subsurface characteristics
that may make conventional
groundwater extraction or SVE
difficult.

TO LIQUID TREATME
O TO GAS TREATMENT :
[— FILTER WATER ADDITION
=7TT= | E7//=277
L_/;;/_—/f_%s / W= sAE'mT;Eo% osvm!é%mc L'l‘?&o s‘émﬁ%ﬁa
== V/=//1/ PUMP BLOWER
== AR 7= TO BLOWER SUCTION
TO LIQUID TREATME! TO LIQUID TREATMENT
FIGURE 6-11
HIGH VACUUM DUAL-PHASE
SUBMERSIBLE PUMP SYSTEM SCHEMATIC

The theory of dual-phase operation is that the submersible pump would
be used to desaturate the zone and to keep the water table depressed.

10012878.RDD 6-33




The high vacuum blower would be used to apply a vacuum, which would
dry out a zone of soil near the well until the water content is reduced
below the soil’s shrinkage limit. Shrinkage cracks would then form
allowing for improved withdrawal of contaminated air. Refer to
Appendix O. Figure O-2.

Betore this system can be considered for development at the Davis Site
two things must happen  First, additional data need to be collected 1o
better characterize the soil gas mass and distribution within the zone of
seasonal water table fluctuation. This will help optimize the number and
locations of the extraction wells. Appendix O provides recommended
sampling locations. Second, pilot testing should be conducted to evaluate
the degree to which an applied high vacuum can achieve improved
airflow through the targeted zone. Pilot testing should be done at
different locations to provide an estimate of the lateral variability in soil
properties. Appendix O provides details on the proposed pilot testing for
dual-phase extraction. [f pilot testing shows dual-phase extraction to be
an effective technique for removing contamination, the system should be
given serious consideration for implementation at the Davis Site.

6.5 Contingency Planning to Address
Uncertainty

The four alternatives that have been developed in this chapter were
evaluaied and compared using data from RI activities that have occurred
at the Davis Site. There are areas of uncertainty regarding the nature and
extent of contamination. and decisions on remedial action will need to be
made in the face of these uncertainties.

Major sources of uncertainty for the Davis Site include aquifer properties,
groundwater flow characteristics. unit target volumes, and the mass of
contamination in the subsurface. Each of these uncertainties has the
potential to increase the scope and the cost of the alternatives evaluated in
this FS. An assessment of how the alternatives could be impacted by
these uncertainties is provided in this section,

6.5.1 Impact of Uncertainties on the Remedial Action
Alternatives

6.5.1.1  Agquifer Properties

Aquifer properties are one source of uncertainty for the Davis Site.
Transmissivity of the aquifers, storativity of the aquifers. and vertical
permeability of the aquitards have the largest impact on the alternatives.

Transmissivity was estimated using data from S aquifer tests and 11 short
duration development tests. Ranges of transmissivity used for this report
are presented in Table 6-12. If the ransmissivities are lower than the
ranges cited in the table, additional extraction wells may be needed to
attain groundwater capture. This is because the areal extent of capture
from a singl~ well decreases with decreasing transmissivity (Freeze &
Cherry. 1979).
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Ranges of storativity used in this report are also presented in Table 6-12.
These values were also estimated from the S aquifer and 11 short
duration development tests. If storativity values tall below the ranges
cited, additional extraction wells may be needed. or cleanup times may be
longer than expected. Storativity is the volume of water that an aquifer
releases from storage per unit surface area of aquifer per unit decline in
hydraulic head. At steady state. drawdown ceases, and the storativity
becomes relatively unimportant.  However. groundwater modeling for the
Davis site indicates that steady state will not be achieved during
groundwater extraction for a long time period (>10 years). Therefore,
storativity is a significant aquifer property that will impact groundwater
remedial actions.

Representative data on the vertical permeability of the aquitards were not
obtained for this report. Laboratory permeability testing on aquitard
material was performed by ITC (1991). but these values are thought to be
too low and do not take into account the macrostructure of the aquitards.
Values of aquitard vertical permeability that were used to support the
analysis of alternatives are summarized in Table 6-12. If the actual
vertical permeabilities are lower than those cited. additional extraction
time may be needed to remove contamination from the aquitards.

6.5.1.2 Groundwater Flow Characteristics

The magnitude and direction of groundwater flow is another source of
uncertainty at the Davis Site. Horizontal and vertical flow gradients used
in this report were primarily based on last year's data (July 1992 through
July 1993). Groundwater flows inevitably vary from vear to vear, and
conditions that deviate slightly from those used in this report should not
be surprising. If horizontal or vertical gradient are steeper than those
used in the groundwater modeling, additional extraction wells may be
needed to capture the target area.

6.5.1.3 Unit Target Volume (UTV)

UTVs were defined previously in Chapter 4 as the volume of air or water
within a specified three-dimensional target zone. The UTVs for the B
and C aquifers are based on data from a large number of monitoring
wells and will likely not change significantly. The UTVs for the D and
E aquifers are less certain. but for contingency planning purposes can
probably be assumed to be fixed.

The major uncertainty with respect to UTVs comes not from our under-
standing of the subsurface conditions; rather, the major uncertainty is
derived from decisions that may be made by McClellan AFB and the
regulatory agencies. If the decision is made to use target volumes based
on maximum contaminant levels (MCLs) rather than background. the
UTVs in the B, C, and D aquifers will be reduced in size by approxi-
mately two-thirds. and the E aquifer target volume would disappear
altogether. This translates into fewer extraction wells and lower costs.
Further discussion on the impact on using MCL-based target volumes is
presented in Section 6 5.3. Impact of Target Volume Changes on the Cost
of Alternatives.
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6.5.1.4  Mass of Contamination

The mass estimates for the vadose zone and groundwater are uncertain ®
for a variety of reasons, including assignment of contaminant concen-

tration data from wells and shallow soil gas surveys to representative

polygons (see Appendix F) and the use of soil properties (e.g.. bulk

density. porosity, organic content) in the mass calculations based on

limited soils data.

The mass of contamination in the aquitards is particularly uncertain
because 1o contaminant concentration data are available. The aquitard
mass estimates used the additional assumption that the contaminant
concentration can be approximated by the average of the aqueous
concentrations above and below the aquitard.

For the vadose zone. if masses are significantly higher than those

estimated an HCI scrubber may be required. Such a scrubber has the

potential to add an additional $150.000 to the capital cost of the

alternatives that involve soil vapor extraction. For the groundwater,

higher masses will entail higher O&M costs of the groundwater treatment

system. These costs were factored into the original treatment costs Y
summarized in Table 6-9 through the use of a 20 percent O&M )

contingency and will not be added to in this section.

6.5.2 Impact of Scope Changes on the Cost of the
Alternatives

As previously discussed. there are four main areas of uncertainty that may
impact the scope of the alternatives. Reasonable scope increases that can
be attributed to each area of uncertainty were developed for planning

purposes.

Table 6-13 is a summary of the assumed scope increase and the ®
associated increase in cost for each altemative. As shown, the potential

scope changes create increascs in capital cost that range from 18 to

36 percent for Alternatives 3 and 4. Alternative 2 is more sensitive to

potential scope changes because of the large increased cost that would be

incurred if an HCI scrubber is required to treat the offgas.

6.5.3 Impact of Target Volume Changes on the Cost
of Alternatives

The target vc mes that are based on capturing the contamination that

exceeds background levels are probably not subject to significant change.

However, should a decision be made to establish target volumes using a »
different cleanup level (e.g.. capture of contamination that exceeds

MCLs), the target volumes may decrease in size dramatically,

MCL-based target volumes are approximately one-third the size of the

background-based target volumes. This translates into significant cost

savings if the decision is made to use MCL-based target volumes. »
Table 6-14 is a summary of the potential savings for an MCL-based
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target volume,  Alternatives 3 and 4 would have capital costs that are 2 to
12 percent less than the background-based target volume counterparts.

6.5.4 Impact of Implementation Delays on the Cost
of Alternatives

Any of the alternatives evaluated are scheduled w0 begin construction in
1995 (refer to the implementation schedules in Section 6.6). Delays in
construction will increase the cost of remediation. pomarily because the
contamination in the groundwater will migrate further, creating larger
target volumes that need to be reme lated.

Groundwater modeling was performed to assess the impact of
construction delays. Results tfrom the modeling indicate that if a 3-vear
delay period occurred. the proposed groundwater extraction well locations
for Alternatives 3 :nd 4 would still be adequate: however, the pumping
rates would need 0 increase by approximately S0 percent (16 percent for
each vear of construction delay). This increase in tlow implies an
increase in O&M costs for the groundwater treatment system. as
summanzed in Table 6-15. Capital costs of the treatment system would
also be impacted by a 3-year construction delay. Capital costs could
increase significantly if construction delays extend beyvond 3 years and the
groundwater target volume increase is large ¢nough to require new
extraction wells.

6.6 Implementation Schedules for the
Alternatives

Figures 6-12., 6-13. and 6-14 are estimates of implementation schedules
for Altematives 2. 3. and 4. The schedules for Altematives 3 and 4
assume that Target Volume 2 (all aquifers) will be treated. The schedules
include engineering design. development of bid documents. the attainment
of all necessary permits, and installation,
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Chapter 7 Conclusions

The following is a list of conclusions generated during the evaluation of
this site. The conclusions are grouped according to chapter headings
presented within the report.

7.1 Hydrogeologic Conditions

. Seasonal groundwater tluctuauons causc the thickness of the
vadose zone to double during summer months.

. The base of the B aquifer and the top of the C aquifer are
indistinguishable beneath the site. Water levels, flow direc-
tions, and gradients from these (wo zones are approximately
equal.

. Steep downward gradients exist beneath the site during the
summer months causing downward flow from shallow, more
contaminated aquifers to deeper, less contaminated. more
transmissive aquifers.

7.2 Nature and Extent of Contamination

. Contamination residing in the seasonal vadose zone is mobi-
lized by fluctuating groundwater levels aiding contaminant
movement in all directions.

. Petroleum hydrocarbon contamination has been found
concentrated at depths representative of the annual high and
low groundwater levels.

. Tetrachloroethene (PCE) accounts for over 90 percent of the
vadose zone contaminant mass and nearly 40 percent of the
estimated groundwater contaminant mass.

. Over 88 percent of the estimated groundwater contaminant
mass is made up of trichloroethene (TCE), PCE, and
1.1-dichloroethene (DCE). The total groundwater
contaminant mass is estimated at 280 kg (617 1b).

J The estimated B aquifer dissolved contaminant mass
decreased by half between May 1988 and February 1993.

RDDI001290B WPS (Dars RI/FS) 7-1




. The contaminant mass present in the vadose zone will be a
continuing source tor groundwater contamination for several
hundred years if left unchecked.

. VOC concentrations from groundwater samples from C and
D aquiter wells south of the fenced compound have
exhibited a rend of increasing concentrations since 1991,
Therefore, VOC contamination is spreading downward and
outward into the C and D aquifers.

. VOC samples from B aquifer monitoring wells, MW-1,
MW-2_and MW-7, have shown an increasing trend in
contaminant concentrations since February 1993,

. A continuous, coarse-grained C aquifer zone extenceng from
beneath EW-1B to near MWD-10 is acting as a conduit for ®
contaminant movement from a B aquifer source area near
EW-1B to the C and D aquifers near Well Cluster MW3.

. Biotransformation in the form of anaerobic dehalogenation
may be occurring in the vicinity of CH-5. This process may
be a source of vinyl chloride in the B aquifer groundwater. ®

7.3 Problem Definition

. The results of the rizk assessment do not indicate the ®
presence of conditions posing imminent or substantial endan-
germent of human health or the environment.

. Remedial action is warranted at this site to satisfy the
Regional Water Quality Contro! Board (RWQCB)
nondegradation requirement for groundwater and vadose ®
zone contamination. Groundwater and vadose zone
contamination needs to be restored to background conditions.

7.4 Feasibility Study

. Soil vapor extraction (SVE) and treatment would likely
reduce the vadose zone contaminant mass within 10 years to
levels that do not threaten groundwater quality.

. The SVE and groundwai i pump and treat alternative has
the most likelihood of reducing or eliminating subsurface
contaminant concentrations at the fastest rate. This alterna-
tive is the most costly.
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7.5 Recommendations for Additional Work

Potential remedial actions tor the COCs are listed in Table 7-1. Vadose
zone and groundwater VOC contamination can be remediated through soil
vapor extraction and treatment and groundwater extraction and treatment.

Table 7-2 contains a list of additional field investigations that are either
planned to be performed at the Davis Global Communications Site or, if
performed. would aid in the understanding of site subsurface conditions.

The field investigations have been categorized to distinguish when the
action would take place and under which program activity the action
would be conducted. Figure 7-1 shows the locations of recommended
activities.
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Table 7-{

Potential Remedial Actions for the Contaminants of Concern

Contaminant
of Concern | Contaminant
in Vadose of Concern in
Compaund Zone' Groundwater® | Potential Remedial Actions
A et oee X Groundwater extraction
Benzene \ T Seul vapor, grouminater extracte nLoand s n N wentiny
R Zetnyinens prtnalate A Son moventing
Bematicnior methane X Detected 1 water from site production wel!
Tnhalimethane THM  chicnnation producton oo
present in groucdwater Venly presence
Bromor . Detected i water from site production - el THM
chlonnation pmduction not present in grounds ster
Venfy presence
Rutvihenzviphthalate X Soil hioventing.
Uhicnpibpemomethane t Detected 1n water from site production well - THM
chluanation production nit present 1 groundwater
Venfy presence
Chjoealorm 1 Detected in water from site productian weil  THM
chlsanation poaduchion nut present in groundwater
Venfy presence
[nbenzoturan Y Sart hoventing
L 3-[hchiorobenzene ! Groundwater extraction
..o-Drchivroethane 3 X Groundwater and sail vapor extracti n
- Drchinroethene t X Giroundwater and sotl vapor extraction.
wis- 2= dichioroethene X Giroundwalter extraction
trans- i 2-ichlorethene X Girnundwater extractin.
[n-n-kutvlphthalate x Soil hioventing.
Ethyihenzene x So1} hoventing,
Fihyiene dihromide tEDB- x Ulnguitous agneultural contaminant not related to site
activities.
Fluorene X Sotl hoventing.
Methyl ethyl ketimne x Detected 1n site production well. Gmundwater
extraction.
Methyl isubutyl ketone x Detected n site production well. Goundwater
extraction.
2-methyinaphthalene x So hoverting.
Naphthalene x Soil hoventing.
o-tylene x SVE and soil moventing
Petroleurn hydrocarbons 13 Soil bioventing.
Phenanthrene . Soil hroventing.
Pyrene x Soil boventing.
Tetrachicroethene (PCE) x x Girundwater and sol vapor extraction
Torluene X SVE and soil bioventing.
i.1.1-Tnchloroethane X 2 Giroundwater and sotl vapor extraction.
1.1.2-Tachloro-1.2.2-tnfluore- x Detected 1n site production wetl. Ciroundwater

ethane

extraction.
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Table 7-1 «Conlinued:
Potential Remedial Actions for the Contaminants of Concern

Contaminant
of Concern | Contaminant
in Vadase af Concern in
Compound lone’ Groundwater” | Potential Remedial Actions
R CHATCERO K ' X Cireandwater ain sl vaper et n
H ct \ o dsater exrracy o
—_
AN T T % NV aper A PG e e tract e
R R \ SV E and v mesenung
I eme v Tooneem Do parpeses  evaluating renedial action stenatves tor vadise 2one
Lent ® ety . e for purpeses 0 evaduating remediad sl altematives G vioundwater
pu—

Fable 7.2
Recommended Additional Work

Planned Investigations

Program Activity

Reinjection Well Drilling and Testing- [ wo reinjection
wells are planned to be dnlled south ot the tonced
compound ared. Une remection well w seheduled 1 be
tested tor ingection components such as spectfic capacity
dunng imection and clogging potential. - Also an ayuiter
test will he pertommied o estimate the extraction potential
ot the well and to estimate agufer hydraulic properties in
the area of the well.

Next Phase Remedial
Investigation

Horizontal Well Drilling and Pulsed UV Testing-A
honzontal well will be mstalled vithin the B or C zones
and tested for extraction potential. A groundwater
treatability studv will be performed using pulsed UV
technology on contaminated groundwater from the site.

Innovative Technotog:

"Deep” Downhole Soil Ga- sampling- F'en boreholes will
be drdled to 4 depth of 45 feet. Downhole sorl gas
samples will be collected trom coarse-grained zones dunng
dnlhng. The boreholes will be completed as sol vapor
monitonng wells or prezometers.

Next Phase Remedial
lavestigation

Recommended Investigations

Installation of Additional Monitoring Wells—(ne  addi-
tonal monitonng well in the B aquiter should be installed
between EW-1E and EW-2E 10 monitor gradients dunng £
aquifer extraction.  An addihonal momtonng well should
he installed 1n the vicinity of MW-4 to a depth of approz:-
mately 140 teet below ground >urface thgs). This well
would tunction to momitor deep C aquifer contamina:yt
movement. Addinonal D and E aquifer monitonng wells
may be required for plume delineation if recent samphing
results indicate contamination that 1s spreading in these
aquifers.

Next Phase Remedial
Investiganion

Aquifer 1esting of “ew Extraction Wells-Aquifer testing
should bhe perfor 4 o) the newly installed B and C
aquifer extraction wells to estimate available long-term
extractior rates and hydraulic properties in the viaimty of
the extraction wells.

Intenm Remedial Action

RDDIOOI29OB WPS (Dawis RIZFS)
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Table 7-2 (Continued)
Recommended Additional Work

Dual-Phase Extraction Testing-A dual phase piot test Interm Remedial Action
should be conducted on Well FW-1HB o determine the
apphicabihity ot dual-phise extracton at the site. Dual-
phase extracuon may have the potential ot expediting the

vadose zone emediation process

Recoinmended Investigations Program Activity
Sampling for Biodegradation Products-There 1s some (SAP Quanerly
indication that anaernic biodegradation s occunng an the Samphing: Bioventng
subsurtace in the vicity of the former underground Treatabihity

storaze tank locanon. PCE and TCF appear to be
converted o vinyl chlonde in this area. Additional
sroundwater and soil gas sampling for ethene and ethanc
nay show taverable results for sodegradanon of PCE and
TCFE o ethene and ethane.  Ethene and ethane are less
hazardous byproducts of PCEF and TCE degradanon.

Sampling of the Site Production Well-Sample th. site McUlettan ACB
production well from locations both upstream and dow . Samphing Program
stream from the pont of chlonnaton. Trhalomethanes
have been detected mn water samples collected from the site
production well. These contamnants are often the

byprodu .ts of the chlcanation process. The samples from
the site production well should be collected above the
pownt of chlonnatton. However, the occurrenc of
tnhalomethanes may be the resuit of a sample being
collected downstream from the point of chionnation. A
companson of these two samples may provide an explana-
tion for the occurrence of these contaminants.,
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